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INTRODUCTION. 


A trip to the Cherry Creek mining district of Arizona, taken 
on mining business during the month of July, 1905, put the writer 
in possession of a few facts of interest and value, both to those 
interested in the geology of that region and to those studying 
the expanding literature of ore deposits. The geological impor- 
tance of this locality is two-fold: First, from the standpoint of 
descriptive geology, concerning the structure and the relation of 
this structure to the physiography of the plateau region of Ari- 
zona; and second, from the standpoint of economic geology, con- 
cerning the peculiarity of ore deposition. The famous United 
Verde copper mine at Jerome is only about sixteen miles north 
of Cherry Creek on the same range, and the deposits of the two 
places are apparently very similar. The policy of a rigorous ex- 
clusion of outsiders is applied at Jerome, hence there is an addi- 
tional value attached to the study of the Cherry Creek district. 

As the title indicates, merely a sketch of the geology will be 
presented. The minutize of the subject must await that time when 
correlation with adjacent districts can be made, and the geology 
of all of this portion of Arizona becomes a unit. The aim of this 
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paper is at most merely to constitute a single stratum of the future 
complete series. 
LOCATION. 

The Cherry Creek mining district is situated in the northern 
central part of Arizona, in the Black Hills range of mountains. It 
is twenty-five miles from Prescott in an air line, in a direction 
approximately N. 85° E. The name is taken from that of a creek 
flowing through the area, a tributary of the Rio Verde, noted 
for the large number of wild cherry trees growing along its 
borders. Cherry Creek has its headwaters a few miles to the 
west of the small village of Cherry Creek, better known as Cherry 
Post Office, through which it flows in its general easterly course. 
The stream is perennial and furnishes the water for the small 
farming, fruit and cattle-raising interests which support the inhab- 
itants in its vicinity. The district is reached from Prescott, first, 
by the Prescott and Eastern Railway twenty-one miles to the rail- 
road station of Cherry Creek, or Dewey Post Office, thence by 
stage eighteen miles to Cherry Creek proper. The United Verde 
mine lies to the north, as stated; the Globe district is situated one 
hundred miles southeast. 


TOPOGRAPHY. 


The mountain region of Arizona occupies a belt of country 
running diagonally through the state from the northwest to the 
southeast, bounded on the northeast by the Great Plateaus and on 
the southwest by the desert region. The mountain region con- 
sists of numerous ranges trending parallel to the direction of the 
belt in which they lie. This belt being somewhat curved, the 
ranges are not all parallel, but change from almost north-south 
to nearly east-west, the average course being N. W.-S. E. The 
Black Hills range, in which both Cherry Creek and Jerome lie, 
is a little north of the center of the mountain region. The trend 
of the range is N. 35° W.; the length, as a distant unit, sixty 
miles ; the width roughly eighteen miles. It is the first range to 
the west of the Great Plateaus in this part of Arizona, being sepa- 
rated from the mesa land by the valley of the Rio Verde. To 
the westward lies the Agua Fria valley, drained by Agua Fria 


| 
I 











Cre 
in 1 
Hil 
ar 
tho 
tho 
thi: 


the 
Th 
of 

Pla 
ten 
cro 
its 


ma 
typ 
sur 


the 
riv 
the 
Fu 
me 
hill 
flar 
nar 
of 
fou 


div 
stre 
onc 
var 
in 1 





m 


on 
ek 
ed 


he 
ry 
se. 
all 
ib- 


il- 
by 
‘de 
ne 


try 
the 
on 
on- 
the 
the 
uth 
“he 
lie, 
and 
xty 
» to 
pa- 


‘ria 





——E —-- 





CHERRY CREEK DISTRICT, ARIZONA. 419 


Creek, and separating the Black Hills from the Bradshaw range, 
in the northern part of which lies Prescott. In form, the Black 
Hills may be divided into two equal parts, separated by a lower 
narrower portion. The elevation of the two ends is over six 
thousand feet; the elevation of the middle portion is about five 
thousand two hundred feet. The Cherry Creek district lies in 
this low portion of the range, in the eastern part. 

From the hill tops near Cherry Post Office, which here form 
the range summit, there is a truly magnificent view to the eastward. 
The slopes descend steeply for three thousand feet to the valley 
of the Rio Verde, across which the red and pink cliffs of the 
Plateau limestones rise sheer for several thousand feet, and ex- 
tend north and south as far as the eye can see. Marvine,’ who 
crossed this region in 1871, has presented a brief description of 
its larger geographic and geologic features. 

The topography of the district is simple; the elements are not 
many and are easily distinguished. The highest hills are of the 
typical mesa form, and are found best developed immediately 
surrounding Cherry Post Office just above the valley of the Rio 
Verde. On the extreme east of the district the steep slopes below 
the flat mesa tops lead down to the low hills belonging to the 
river valley. To the west the mesa effect becomes obliterated ; 
the hills rise to about the same level but are of rounded forms. 
Further west, the altitude becomes gradually lower until the range 
merges into the lowlands. The valleys separating the individual 
hills are due either to stream action, when they are wide and 
flaring, or to orogenic movements when they are sharp cut and 
narrow. The relief of the district, except on the long east slope 
of the range, is not great, the hill tops seldom rising more than 
four hundred or five hundred feet above the intervening valleys. 

Cherry Creek is the chief stream draining the district. The 
divide separating its sources from those of the westward flowing 
streams lies in the western part of the area. In general, all sec- 
ondary stream courses are at right angles to the range crest, but 
vary somewhat on account of faulting and differential weathering 
in the rocks. 


* Wheeler Survey, Vol. III., 1875, pp. 207-208. 
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The Black Hills, in this region, furnish fair amounts of timber, 
although much has been culled, and a sufficient supply of water 
for mining purposes. At the Pfau mine, on the eastern slope, 
a water supply sufficient for the needs of a two hundred ton mill 
and cyanide plant is obtained by pumping from a shallow well. 


GENERAL GEOLOGY. 

The geology of the district is not complex. Upon the pre- 
Cambrian complex of schists and granitic rocks rest, in a hori- 
zontal or nearly horizontal position, beds of limestone, with a 
total thickness of approximately one hundred feet. Only iso- 
lated patches of this limestone remain, due often to the protecting 
influence of late basalt, which occurs also in patches as?remnants 
of a series of flows lying nearly or quite horizontal over all other 
rocks. In the Cherry Creek district, granite, including dikes of 
granite porphyry, is the only rock of the basement complex, and 
the younger rocks are found only on the hills along the range 
crest. It is these later rocks which, both by erosion alone and by 
erosion after faulting, have produced the mesas of the area. In 
the extreme west of a section across the Black Hills at Cherry 
Creek, only a few hundred feet above Agua Fria valley, occur 
small patches of schist embedded in the granite. To the east, 
below the steep eastward facing slope of the range, occur other 
sedimentary beds, largely sandstone, which form a series of low 
hills and ridges extending out into the valley of the Rio Verde. 
These eventually join the low hills rising eastward up to the 
steep escarpment beyond, which forms the western edge of the 
Great Plateaus. There is roughly a difference in elevation of 
two thousand feet between the mesa tops near Cherry Creek and 
the highest of the low hills below the eastern face. The accom- 
panying section, following Marvine! for the portion east of the 
district under discussion, presents graphically the main geological 
features (Fig. 31). The cliffs to the east of the Rio Verde are 
formed by the Red Wall series, with the Aubrey beds outcropping 
further east. Marvine? notes that the Rio Verde flows over Red 


* Wheeler Survey, Part III., p. 226. 
? Wheeler Survey, Part IIL, p. 208. 
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all of the rocks but one, and as their field peculiarities may suffice 
at all times to identify them, the following brief discussion is 
given.’ 

Schist.—The oldest rock in the region is a metamorphosed sedi- 
ment, a crystalline schist, or a phyllite with a well developed slaty 
cleavage. The occurrences are confined to the western portion 
of the Black Hills, in the lower part just above Agua Fria valley. 
This valley is itself cut largely from these schists, as shown 
further south in the Bradshaw Mountain Folio. The strike of 
the rocks is a little east of north, although in some of the detached 
fragmental areas the strike changes to west of north. The dip 
is about vertical, or highly inclined to the east. In appearance 
the rock is most often of a light gray color, with a lustre like satin 
due to flakes of muscovite, and with a well developed cleavage 
wherever seen. The name given to this rock by Jaggar and 
Palache is Yavapai schist. The age is lower Algonkian, corre- 
sponding to the Vichnu terrane of the Grand Cafion geologic 
column. ‘The Pinal schists of Ransome,” in the Globe district, 
are probably of the same great series of pre-Cambrian sediments. 
In the Bradshaw Mountains these schists contain many valuable 
ore deposits; no veins are known in the small area of them west 
of Cherry Creek. 

Granite.—The granitic rocks of the Black Hills in the vicinity 
of Cherry Creek are of two well defined varieties: a hornblende 
bearing biotite granite, making up most of the country rock, 
and a granite porphyry, in the form of dikes intruded into the 
granite. 

The granite is a medium gray rock, with a decided pinkish 
tint. ‘The grain is somewhat finer than in the same rock further 
east in the Bradshaw Mountains, the average size of grain being 
about three mm. The quartz is glassy and colorless, but contains 
inclusions of magnetite, biotite and hornblende. The largest 
grains are four mm. in diameter, and the mineral makes up 
about 35 per cent. of the whole. The feldspar appears to be 
chiefly orthoclase, cloudy and pink, with a granular texture due 

‘Bradshaw Mountain Folio, No. 126, U. S. G. S. 

*F. L. Ransome, Professional Paper No. 12, U. S. G. S. 
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CHERRY CREEK DISTRICT, ARIZONA. 423 
to the stresses and movements in the rock mass. One stout 
Carlsbad twin observed was four mm. long, but in the main the 
grains are much finer. Inclusions of the dark minerals are com- 
mon. The feldspars compose about 40 per cent. of the rock. 
The biotite, of which there is a little more than 15 per cent. in 
the total occurs usually in ragged flakes, with a few well formed 
hexagonal crystals. The largest flakes are six to seven mm. in 
diameter, of a deep brown color when unaltered. Chlorite has 
been formed in sufficient amount to impart to most of the mica a 
green tinge.. The hornblende is formed in distinct prisms, com- 
monly small, about two mm. long, but at times in larger crystals 
up to six mm. in length. It makes up less than Io per cent. of 
the rock. The larger prisms are frequently cracked and broken. 
Spots of secondary hematite are common throughout the whole. 

This granite occurs as a direct continuation of the granitic 
area of the Bradshaw quadrangle,’ and hence is a portion of the 
Bradshaw granite, as named by the authors of that folio. An 
interesting and necessary correlation is yet to be made between 
the granites of this area and the other known areas north and 
south. 

The granite-porphyry is invariably fractured, shattered and 
decomposed. Quartz phenocrysts averaging two mm. in size and 
composing about 40 per cent. of the whole, are set in a fine-grained 
matrix, granular from earth movements. Ferromagnesian min- 
erals are to be seen only as dark spots. Some limonite in pseudo- 
morphs after pyrite occur. The color is a light pink, due to 
weathering. The greatest number of the granite-porphyry dikes 
run in a general north-south direction, varying from N. 38° W., 
about parallel to the trend of the range, to N. 35° E. The same 
dike may change its direction within a few feet, as at the Pfau 
mine. In the main, these dikes dip to the west at moderate an- 
gles; in the extreme east the dip is to the east at high angles. A 
few dikes run east and west, dipping to the north at low angles. 
The largest dike is the most easterly, that at the Pfau and Pfau 
Extension mines. This dips steeply eastward, is several hundred 
feet wide, and strikes at the Pfau mine N. 26° W., at the Pfau 


* Bradshaw Mountain Folio, No. 126, U. S. G. S. 
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Extension N. 16° E., and further south N. 34° E. This dike 
appears to lie approximately in the plane of the steep eastern face 
of the Black Hills range. The granite-porphyry is in larger 
masses in the western portion of the range, where its darker color 
due to weathering serves to distinguish it. The topographic 
forms produced by both types of granite rock are gently flowing 
curves with but very rare outcrops. The erosion of the region 
has removed most of the sedimentary rocks overlying the base- 
ment of schist and granite, but this process has not proceeded as 
far as in the Bradshaw Mountains, where none of the Paleozoic 
beds are found. 

Limestone.—The limestone lying upon the eroded surface of 
the pre-Cambrian terranes is a fine grained, light gray rock, 
weathering to a darker gray with a trace of red. It contains con- 
siderable amounts of iron, for nodules of rather pure limonite 
weather out, at times in profusion. As stated above, lack of time 
prevented a search for fossils, so that the age is not certain. 
Probably the rock is of the Red Wall series, hence belongs in the 
lower part of the Carboniferous. If this be so, and proof be 
forthcoming at a later date, a very important bit of geologic his- 
tory will be obtained. The unconformity between the granitic 
basement and the limestone would represent a land mass and a 
period of erosion covering the time between lower Algonkian 
and Carboniferous. The alternative of a fluctuating land mass 
upon which some sediments were deposited and then completely 
removed before Carboniferous time is less likely, for only a short 
distance north the geologic column is complete, with the Tonto 
sandstone at the base. Moreover, the pre-Cambrian land surface 
reached a well developed peneplain condition in this area. 

Basalt.—The basalt areas in the Black Hills cap only the sum- 
mits of the highest hills, frequently over the limestone. This 
rock was outpoured in a series of Tertiary flows which now lie 
practically horizontal. The rock is a typical black lava, called 
locally “ malapai,”’ corrupted from “ malpais,’’ meaning bad land. 
It has been fully described in the writings of the pioneer geolo- 
gists, and in the later works of Ransome, Jaggar and Palache. 


No dikes or intrusions of this rock were noted in the district. Its 
greatest importance lies in its effect upon the topography. 
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FAULTING AND STRUCTURE. 

The faults of the range in the vicinity of the Cherry Creek dis- 
trict are divisible into two main systems: one a north-south, and 
the other an east-west system. On a second mode of classifica- 
tion, the faults are either pre-Carboniferous, if the limestone of 
the range top be of Carboniferous age, or post-Carboniferous, 
including movements up to the present. The older fractures have 
resulted in the formation of ore bodies; the later have produced 
the larger features of the present range. The later movements 
have in general paralleled the first, but are not necessarily coin- 
cident with them, There have been no post-Carboniferous move- 
ments along the planes of the veins examined. 

In a granitic complex, faulting is often largely or wholly ob- 
scured, and physiographic criteria, checked by possible strati- 
graphic evidence, become the sole means of establishing planes 
of motion. In the Black Hills such evidence is not lacking, 
although the facts obtained are fewer than could be desired. 

In outline, the section across the range at Cherry Creek, from 
east to west, shows first a steep rise from the valley of the Rio 
Verde to the summit, then a few miles of crest westward, passing 
into a comparatively gentle slope down to the Agua Fria valley. 
In other words, the curve through the hill tops would be an 
asymmetric arch, whose greatest elevation would be just above the 
steep eastern slope. It would seem, therefore, at first sight, that 
the granite exists merely as a huge dome, elongated north and 
south, whose larger form is due to its intrusive genesis. And 
such Marvine'’ assumed it to be. The limestone and basalt rem- 
nants do not, however, support this view. The steep eastern slope 
of the range is almost beyond doubt a fault cliff. At the summit, 
but westward a few hundred yards, the limestone lies horizontal 
upon the granite; at the base, a nearly horizontal series of sedi- 
mentary beds occur, abutting against the granite. At the Pfau 
mine, as already noted, a detached and broken mass of limestone 
was found below the surface on the granite slope. A full discus- 
sion here would be premature, as the whole range has not been 


* Wheeler Survey, Part IIT., p. 208. 
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studied in detail, yet it is safe to assume that either a fault or a 
very sharply flexed monoclinal fold exists. The presence of other 
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unmistakable north-south 
faults causes the balance of 
proof to fall on the side of a 
fault scarp forming the east- 
ern face. Also, the profile of 
the bed of Cherry Creek adds 
to the probability of a large 
fault scarp. In the upper 
reaches this stream flows in 
a wide, flat bottomed bed, 
with a gentle slope. Some 
portions are of greater fall, 
indicating earth movements, 
but in general the stream has 
reached a mature stage. On 
coming to the eastern slope, 
however, the grade is ab- 
ruptly changed, and_ topo- 
graphic youth is strikingly 
apparent. The accompany- 
ing section expresses the 
main facts of the structure. 

Earlier Faults.—The cri- 
teria for the proof of fault- 
ing before the granitic com- 
plex was baseleveled and 
covered by later sediments, 
lie entirely within the vein 
structure. The veins end 
beneath the limestone, with 
no continuation of motion 
upward into the overlying 
rocks. The veins are all 


associated with granite-porphyry dykes, which were themselves 


probably intruded along lines of movement when the mass was 
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in a semi-fluid condition. Later motion opened crevices within 
these dikes, the movement at this time being shown by the pro- 
duction of schistose granite and by the shattering of the dyke 
rock. Still later the veins were further opened by earth move- 
ments and more vein material deposited. These later movements 
were of varying and irregular intensity, as the second deposition 
of vein matter was unequal in the different veins. Finally, the 
dikes with their included deposits were greatly fractured, and 
the veins became open to surface agencies. 

Later Faults—The presence of faulting later than the deposi- 
tion of the younger rocks is shown best by stratigraphic evidence. 
On Cherry Creek below the post office, where the stream flows 
in an east-southeast course, the south bank rises to a mesa capped 
by several hundred feet of basalt, while the north bank rises to 
the flat topped granite hill shown in figure 33 just above the east- 
ern slope of the range. The unconformity is fully apparent. This 
line of movement is parallel to the outcrop of one of the larger 
east-west veins, which outcrops on the north bank just above the 
creek bottom. Also, in figure 33, the presence of a north-south 
fault is shown between the two hills, one capped with limestone, 
and the other of granite only. Many other instances can be cited, 
but these two are typical. The examination of the topography 
shows that a careful application of physiographic tests, when no 
rock but a crystalline one be present, may prove the existence of 
faulting. The stream valleys are prevailingly wide and flaring, 
the fault valleys are typically narrow and sharp cut. Also, the 
stream reaches in the granite indicate where differential motion 
has occurred. On this line of investigation, much unmistakable 
evidence for widespread faulting across the whole range can be 
obtained. The structure, then, can be summed up thus. The 
Black Hills range is due to differential uplift of a granite mass, 
the maximum elevation taking place on the east side. The essen- 
tial lines of motion run northerly and southerly, parallel to the 
range; secondary movements occurred east and west, dividing the 
range into blocks, the detailed investigation of which is yet to be 
made. 
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ORE DEPOSITS. 

Condition of District—The Cherry Creek mining district pro- 
duces some gold at present. Considerable prospecting is being 
done, and in time the region will figure as worthy of general atten- 
tion from mining men. One mine is milling from one hundred 
to two hundred tons a day, and a second is shipping to Prescott 
a fair amount of smelting ore. 

No deep prospecting has yet been done, the greatest depth yet 
reached by shaft, August, 1905, was only a little over one hundred 
feet, and an adit tunnel on another property was in about two 
hundred feet below the vein outcrop. 

Veins.—As with the faults, two systems of veins exist. The 
major portion of those observed have a northerly strike and 
westerly dip; a few have a northerly strike and easterly dip, in 
the eastern part; a few have a westerly strike and a northerly dip. 
Both classes of veins have identically the same character of filling. 
The width averages about three feet at the surface, increasing 
with depth. 

The veins occupy broken and sheeted zones within the porphyry 
dykes, which have been, subsequent to their formation, opened by 
later movements and new vein filling introduced. The earlier 
portions of the veins consist of stringers of quartz and ore in 
schistose and bleached granite-porphyry, the extraneous material 
making up usually less than one half the total width. Some of 
the veins have not advanced beyond this stage; the best of them 
have. The later fissuring, attended by faulting, has resulted in 
comparatively strong veins of massive quartz, above or below the 
first deposit, often forming the hanging wall of the dike. The 
latest movements in the veins have fractured the hard vein filling 
and opened the minerals to surface agencies, resulting in great 
secondary concentration of ores. Even the secondary surface 
ores have been reconcentrated in some instances. The accom- 
panying sketches shown in Fig. 32 will give an idea of some of 
the typical veins. 

Ores.—At present the mines are developing an oxidized, free- 
milling gold ore, with traces of sulphides with depth. The typicai 


ore is heavily charged with limonite, locally called hematite, with 
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The richest ore is nearly pure 
limonite, usually with some 
small amounts of silica. No 
other 
found. 


gangue minerals are 
With depth, kernels 
of unaltered pyrite are fre- 
quently found in the heavily 
oxidized ore, and this sulphide, 
together with chalcopyrite and 
bornite, occurs at times in iso- 
lated masses up to eight inches 
in diameter. In a few cases 
residual pyrite was found in the 
outcrop. The western viens 
have not yet shown copper 
minerals, chiefly because of 
lack of depth. This sulphide 
ore is invariably rich. 

In the upper portions of the 
veins, the bleached and broken 
country rock is often milled as 
ore, though of low grade. On 
one mining claim a vein dips 
with the surface of the mesa, 
forming a dip slope. This 
has the peculiar result of caus- 
ing the whole hillside to pan 
free gold and yield assay re- 
turns at times quite large. 
Such ore as this is almost 
entirely granite 
porphyry and granite, with a 
small amount of fine quartz 
fragments. 


decomposed 


These peculiar aphanitic lim- 
onite ores, frequently contain- 
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ing bright flakes of hematite, are not uncommon over the arid. 


regions from Nevada southeastward. The chief interest con- 
nected with them lies in the controlling processes of secondary 
change. This is particularly true at Cherry Creek where the 
limonite-gold deposits change to copper deposits with depth. 


SECONDARY CHANGES. 


It is in the phenomenon of secondary deposition of minerals 
that the ores in the Cherry Creek district are peculiar and inter- 
esting, both from a mining and from a scientific standpoint. The 
development work in the mines has not yet progressed far enough 
to exhibit all the changes which have occurred, yet there can be 
no doubt that the four zones of Emmons’ are almost ideally devel- 
oped. Furthermore, the veins already opened show the insta- 
bility of any one set of geological conditions, for the zone of im- 
poverishment is invading the zone of rich oxides, which in turn 
is encroaching upon the rich sulphides below. The causes oper- 
ating to make possible these continued changes are easily found. 
At least three distinct sets of movements fracturing the vein 
filling and enclosing dikes have occurred, so that the vadose 
waters have been free to circulate. The present water level in 
the mines is strikingly different from what it must have been in 
times past, for permanent water is found at about sixty feet, or 
even less in some mines, below the surface, while the heavy oxi- 
dized ore continues downward to unknown depths. A _ recent 
wet year is largely responsible for present conditions, but not 
entirely, for before the rains of 1904-5 the mines were water- 
bearing in some degree. 

The zone of impoverishment, because of the continued leaching 
it is undergoing, presents several interesting features. As dis- 
cussed by Emmons,’ Weed * and others, this surface zone is char- 
acterized by low values, or lack of values, containing usually 
nothing but oxides of iron and silica. In Cherry Creek, however, 

*S. F. Emmons, “ Secondary Enrichment of Ore Deposits,” Trans. A. I. 
M. E., Feb., 1900. 

2S. F. Emmons, Trans. A. I. M. E., Feb., 1900, pp. 463-464. 

3W. H. Weed, “Enrichment of Silver Veins,” Trans. A. I. M. E., Feb. 
1900, p. 470. 
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a subzone of further impoverishment exists, from which not only 
the values have been leached, but also the iron oxides and even 
silica have been partially or very largely removed. The two 
factors of age and openness of veins have been chiefly responsible 
for this. At the surface, quartz, in most veins, outcrops in 
stringers and larger masses.. Such surface quartz is not often 
prominent, because of the shattering of the material,although hard 
boulder-like fragments occur, surrounded by softer rock. In a 
few veins the outcrop is prominent, and is composed of quartz 
stringers in granite porphyry, the hard mineral restraining the 
erosion of the whole. Limonite, in stringers and veinlets, cements 


SECTIONS OF ORE 
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this broken quartz. The iron oxide frequently appears as pseu- 
domorphs after pyrite, the form of the pyritohedron being very 
common. The main direction of breaking is parallel to the plane 
of the veins, hence the larger veinlets of limonite are more or less 
parallel, giving a rough effect of ribbon structure (see Fig. 34, 4). 
Below the outcrop a few feet the quartz and contained limonite 
decrease in abundance, frequently disappearing entirely. Assay 
values showed the same, returns from the surface being notably 
higher in the majority of cases than five or ten feet lower down. 
Furthermore, in the instances where the quartz has only partly 
gone, the iron oxide has almost entirely been carried below, taking 
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with it the gold values. In one of the larger east-west veins, the 
upper seventy-five feet has been thus leached of all but a trace, 
while below this depth good ore exists in quantity. 

After the barren, or nearly barren, portion of the veins has been 
passed through, heavy rich limonite in quartz is encountered. The 
aphanitic texture is always prominent, and small shiny areas of 
unaltered pyrite are frequently present in the midst of the heaviest 
iron oxide (see Fig. 34, B). Secondary quartz, at times jaspery, 
is noticeable in this portion of the veins, and occurs both in irreg- 
ular patches and in small veinlets in the limonite. The heavier 
the oxide, the larger the amount of secondary silica. At the 
Golden Idol mine, in which the vein material is about 90 per 
cent. iron oxide, the limonite extends to the surface. The outcrop 
is eighteen inches wide, assaying a low value; forty feet down the 
vein is five feet wide, of almost solid rich limonite, with a very 
rich ten inch streak in the center. The center streak is well 
defined and clearly a deposit later than the inclosing material (see 
Fig. 32). In the bottom of the workings rich sulphide ore is com- 
mencing to show, below the present water level. In the phenom- 
enon of the veins being narrowest at, or just below, the outcrop, 
it is to be noted that the walls in the narrowest portions show 
evidence of lateral pressure and crushing, attendant upon the 
removal of material from between them. 

At present writing the zone of secondary sulphides has been 
merely touched, only residual fragments of these minerals having 
been extracted. Their occurrence, however, demonstrates two 
facts: first, the actual presence of a zone of secondary sulphide 
enrichment; and, second, the gradual migration of this zone 
downward. ‘The sulphides found are extremely heavy, and con- 
stitute some of the very richest ore. In the western veins copper 
sulphides have been found only in small amount; on the eastern 
slope chalcopyrite and bornite are found in increasing amount 
with depth. Not the most minute traces of oxidized copper min- 


erals have been seen in any port of the district. At the Pfau mine, 
situated in the large dike on the east slope of the Black Hills, the 
ore is apparently very thoroughly oxidized, yet a search in mate- 
rial from the lower levels will be rewarded by lumps of copper 
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iron sulphides, often eight inches in diameter, covered with a 
half inch shell of earthy limonite. Chalcopyrite is in larger 
amount than the bornite. Pyrite occurs in the higher portions, 
just as in the western veins. 

The peculiarity, then, of the secondary deposition of minerals 
is evident. The zone of oxide enrichment contains limonite and 
quartz, with free gold, and no traces of copper. The small 
amounts of sulphides are pyrite toward the surface, changing into 
copper minerals below, these latter minerals being best developed 
in the eastern veins. Further, the double sulphides of iron and 
copper are found exclusively, no chalcocite or covellite being pres- 
ent. What may be below is of course problematical, but it would 
not be surprising if the simple sulphides were there in abundance. 
It is worthy of note, in this connection, that the United Verde 
mine at Jerome was worked solely as a gold mine in the early 
stages of its history, and had a precarious existence until the rich 
copper ores were struck in depth. 

In the typical copper vein the oxidized zones contain copper 
minerals, often in great abundance, and outcropping on the sur- 
face, as at Globe, Bisbee and Clifton, in southern Arizona. At 
Cherry Creek and Jerome, such oxidized copper ores are con- 
spicuously absent, while the surface zone is wholly or partly 
leached, not only of its values, but also of its gangue. The con- 
ditions causing such a result are of two kinds: structural and 
chemical. The structural conditions are those of movements in 
the veins, shattering the country rock as well as the vein stone, 
thereby opening well the ores to surface agencies. The chem- 
ical conditions are, in their nature, more obscure, and can only 
be surmised at this writing. Azurite, malachite, cuprite, and 
chrysocolla, are stable under the common conditions found in the 
oxidized zones in copper veins, so that their complete absence 
proves the existence of a situation chemically somewhat unusual. 
Also, the peculiar effects noted in the veins at and just below the 
surface call for explanation. The most notable characteristics of 
the veins are: (1) The abundance of limonite; and (2), the prev- 
alence of a gneissic or schistose structure accompanying the veins, 
and the bleaching of the rocks by the action of sulphuric 
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acid. At times the action of the acid has proceeded sufficiently 
far to produce from the rock a white pulverulent mass. This 
intense action is always found in the very summits of the veins 
just below the outcrop. 

The first striking feature, the quartz outcrop followed below by 
a vein filling, poor in all constituents of foreign source, can be 
easily explained. The active solutions start from the surface, 
enter the vein, and because their power is least at the start, and 
because fresh oxygen-bearing water follows, the actual outcrop is 
comparatively little attacked. On the other hand, the solutions 
passing through the first foot or two of surface vein filling, and 
taking up the acid found therein, are held in contact for some 
time with that portion and their leaching action becomes intense. 
The deposition of the material thus taken into solution necessarily 
follows as the waters percolate downward. 

Secondly, with an abundance of iron and sulphuric acid, and 
with the free access of oxygen, the secondary copper minerals, so 
commonly found in the upper portions of veins, could not form 
The cupric sulphate, produced both by the free acid and the ferric 
sulphate, would be carried down to the bottom of the zone of 
oxidation. Under these conditions the gold would also be leached 
from the surface and deposited on the oxidation of the iron salts 
to hydrate. Silica would also be deposited as the character of the 
solutions change. Rickard,’ in his valuable paper, has presented 
the main facts regarding the enrichment of gold veins, although 
he leaves rather in abeyance the fact that sometimes gold mi- 
grates and at other times it does not. The migration in the 
Cherry Creek district is no doubt chiefly caused by the very large 
amounts of ferric sulphate present, aided possibly by chlorides 
from the overlying limestone. It is not clear exactly what sol- 
vents are responsible for the downward movement of the silica. 
That silica does so move is well known; witness the frequent 
sintery quartz of vein outcrops. Also, at the Comstock Lode, the 
vadose waters, containing 11 per cent. of soluble sulphates and 
121% per cent. of free sulphuric acid, hold in solution .55 per cent. 


1T, A. Rickard, “The Formation of Bonanzas in the Upper Portions of 
Gold Veins,” Trans. A. I. M. E., Feb., 1901. 
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of silica. Simple equations expressing graphically the relations 
outlined above, could be written, but it seems inadvisable to do 
so until our precise knowledge is greater. 

A further point is this: Among secondary sulphides present, 
those bearing copper are invariably the double salts of copper 
and iron, with chalcopyrite in larger amount. The reasons for 
this may also lie in the excess of iron and sulphuric acid present 
in the vein. The presence of sulphuric acid necessitates a plen- 
tiful supply of oxygen, which is not at all at variance with the 
facts of vein shattering. If equations be written expressing the 
probable reactions producing the minerals chalcopyrite, bornite 
and chalcocite, or better, general equations summing up all inter- 
mediate reactions, it will be found that, in the main, chalcocite 
will form when the ratio of the copper to the iron is as 2: 1; bor- 
nite when this ratio is 3: 2, or, when both iron and a strong re- 
ducing agent are in excess, 3: 1; chalcopyrite when this ratio is 
2:3, or, when a strong reducing agent is present, 1:1. As the 
veins have been well opened to oxidizing solutions, in the upper 
portions of the veins strong reducing agents were lacking. In 
this case, these ratios of copper to iron for chalcocite, bornite and 
chalcopyrite are 2: 1, 3:2 and 2: 3, respectively. Thus, the ex- 
cess of ferric salts and lack of strong reducing agents would favor 
the formation of double sulphides. It is needless to state that the 
whole subject of the physical chemistry of this comparatively 
simple process of secondary enrichment of copper ores, is in need 
of thorough experimental treatment before we shall be in a posi- 
tion rightly to interpret the facts. The working geologist lacks 
time and often the requisite knowledge for pursuing such investi- 
gation, and must, perforce, depend upon the labors of others. At 
Cherry Creek, however, the facts in the field, such as the great 
abundance of limonite with frequent kernels of pyrite, the vein 
shattering, and the bleaching action of sulphuric acid, appear to 
warrant the tentative conclusions above set forth. 


PROBABILITIES WITH DEPTH. 
With depth it is almost beyond doubt that the gold values will 
decrease, while the copper will increase in amount. At what 
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depth a pronounced change will be found it is not possible to say. 
The deepest mine workings show ore thoroughly oxidized, with 
the exception of a few residual sulphide masses, and practically 
of the same chemical nature throughout. The ground water now 
being well above the bottom of the zone of oxide enrichment 
offers no criterion, but proves only the existence of a more arid 
past. The gold values will continue through the zone of oxida- 
tion and into the underlying zone of secondary sulphides, and 
there should be considerable depth to the gold bearing minerals. 
If the above ideas regarding the genesis of the double sulphides 
be correct, it is possible that chalcocite may be found with greater 
depth, formed after much of the iron has been left behind as limo- 


rood 


nite. In any case, there should be an abundant supply of g 


ore, both with gold values and with copper as the chief metal. 
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THE FORMATION OF ASPHALT VEINS. 


GeorcGeE Homans ELprInce. 
INTRODUCTION. 

Asphalt veins as they occur in the superficial strata of the 
earth’s crust afford a study in black and white of many features 
of ore deposition in general. Such veins are not only easy to 
follow when they are once opened, but they are often clearly 
marked across the country, especially where the surface is formed 
by a resistant rock rather than by one readily disintegrating into 
soil. It is possible indeed in certain instances to follow the out- 
crop of a vein for several miles by simply occupying some promi- 
nent point along its course and turning the eye in either direction. 

Not only is the study one of simplicity, due to a sharp contrast 
of the black asphalt with the lighter colors of the adjacent rocks, 
but even in the character of soils and verdure the course of the 
vein is marked, either by a complete absence of plant growth or 
a change in the character of the vegetation. While these elements 
of contrast are to be observed in most occurrences of asphalt veins 
they may be studied under exceptionally favorable conditions in 
the enormous gilsonite veins of Utah. 


OCCURRENCE OF ASPHALT VEINS. 

Distribution—As actually observed by the writer, asphalt veins 
occur in many parts of the United States, both east and west, in 
Cuba and in many other parts of the West Indies. By reference 
to literature on the subject it is evident that they are scattered 
through most of the explored territory of the earth and that 
they are of far wider distribution than veins of metalliferous 
materials. This is doubtless due to the limitation of metallifer- 
ous veins to the proximity of deep-seated mineral-bearing waters 
which have found a passage either through the older, crystalline 
rocks, or through such of the later sedimentaries as have been 
violently folded or otherwise rendered pervious. The wider 
37 
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occurrence of asphalt veins is due also to the fact that petroleum, 
the mineral from which the asphalt has been derived, has an 
extensive distribution in the stratified rocks from the oldest to 
the youngest. In the crumpling to which the crust of the earth 
has been subjected such strata have frequently been folded and 
then exposed by erosion. 

It will be found in the study of what follows that there is no 
marked difference in vein phenomena, whether the fissures be 
filled with bituminous matter or metalliferous ores and gangue, 
either from point to point on the veins, or from formation to 
formation which they traverse. The character of an asphalt vein 
depends largely on the nature of the country rock and this is 
also the case in deposits of metallic ores. 

Nature and Origin of the Fissures—The purer varieties of 
asphalt occur in fissures, and it is to these that the present dis- 
cussion is confined. The formation of all fissures in the rocks 
of the earth’s crust has been brought about by one or the other 
of two causes—folding or contraction. When fractures are due 
to folding a displacement of the originally adjacent walls has 





often taken place while in the fissures produced by contraction 
this does not necessarily occur. 

To assign the origin of a fissure to the latter cause is, however, 
often attended with considerable uncertainty, because lack of dis- 
placement may accompany phenomena of the first class. The 
greatest asphalt-filled fissure in the world is one in which there 
is no displacement, the vein having a maximum width of eighteen 
feet and a length of no less than ten measured miles. Others 
occurring nearby are only a little smaller and in addition display 
the phenomenon of forking. In both instances the veins trend in 
the direction of the dip of the enclosing strata. They are, there- 
fore, more probably the result of contraction than of folding, the 
axes of the flexures trending at right angles to the veins. 

To what such contractions of the strata are due it is impossible 
to say, and it is also impossible to ascertain the causes which have 
determined the directions assumed by the fissures. Contraction 
is supposedly the result of loss of heat or of moisture, the latter 


having taken place during ‘the drying out of the beds. The for- 
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mation of such fractures must have occurred while the strata 
were deeply buried beneath overlying measures, and it may be 
that as originally formed they were characterized by little or no 
displacement. 1f so they are comparable to minute rifts that 
occur in new excavations of the present day. In a measure this 
might account for the many instances in asphalt veins in which 
there has been no displacement of the adjacent walls. This is 
perhaps not such a remarkable occurrence when the depth at 
which the fractures occurred is considered and when the extent 
of the cracks is brought into direct comparison with the vastness 
of the measures which they have affected. 

Dimensions of Veins and their Relation to the Enclosing Rocks. 
The lineal extent of asphalt-filled fissures varies from a few 
feet to many miles. In width the fissures, when single and unin- 
terrupted by horses or inclusions that have fallen in from the 
walls, range from a maximum of eighteen feet down to extremely 
fine, thread-like crevices whose length is always disproportion- 
ately great. A clean fissure frequently attains a width of several 
feet. 

In most cases instead of a simple fissure a zone of fissures has 
been formed in which a large number of separate fractures occur, 
the smaller ones interlacing with one another and the whole net- 
work together affording a large aggregate space for the passage 
of the material with which the fissure is filled. 

This latter mode of occurrence is the more interesting as it 
affords a close parallel to characters more commonly found 
among veins which carry metallic minerals, particularly those in 
areas of crystalline schists or in the sedimentary slates of more 
recent geologic epochs. Simple ore-filled fissures on the other 
hand are usually confined to heavy-bedded rocks such as lime- 
stone and sandstone or to massive granitic rocks. 

Among asphalt veins are found some remarkable examples of 
tenuity. In the region where the wonderful veins of Utah are 
found the writer has observed one instance of an uninterrupted 
asphalt-filled fissure of a width not exceeding one half an inch and 
a lineal extent of fully four hundred feet. It appears at the 
surface as a jet black line and when viewed from a distance resem- 
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bles a carbon crayon mark drawn on the eroded surface of light 
colored yellowish gray sandstone. 

The downward extent of the fissures is more difficult to deter- 
mine and must, in the absence of deep workings, remain uncer- 
tain. In general, however, the vertical range of the more per- 
sistent veins of clear material is greatest in massive beds of sand- 
stone, indeed it is practically coextensive with the thickness of 
the enclosing rocks. It is thought that the great Cow Boy vein 
in eastern Utah had, before erosion affected the strata, a vertical 
range of at least 2,000 feet, which is the thickness of the massive 
sandstone in which it occurs. 

In addition to the long straight veins another type may often 
be noted in which the veins show a closer relation to the folded 
structure of the enclosing rocks and exhibit a higher degree of 
complexity. 

An excellent illustration of this type may be seen in one of the 
asphalt districts of Cuba. The veins are located on the nose or 
easterly end of an anticline. On the sides or limbs of the fold 
at some little distance from its downward pitching extremity are 
one or two normal strike fissures. As one approaches the end 
of the fold the rocks become relatively broken and crushed and 
the regularity of the strike fissures is lost in the complexity of the 
interlocking fractures. The general trend of the zone of frac- 
turing, however, continues as a whole to follow the strike of the 
beds, curving around the pitching end of the fold and connecting 





the strike fissures on the one limb with those on the other. 

The strata in this case comprise a succession of thin-bedded 
limestones and calcareous clays. The limestones predominate 
but the clays are in sufficient abundance to give to the measures 
a thinly laminated character, rendering them, in a sense, transi- 
tional between a typical heavy-bedded and a typical shaly series. 
The veins, therefore, are likewise transitional, neither as regular 
as those usually found in heavy-bedded rocks nor as irregular as 
those in shales. 

Relation of the Veins to the Enclosing Strata—The character 
and value of the veins are dependent on the type of rocks in 


which they occur. Those which are found in the more heavy- 
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bedded rocks are the more regular, those in thinly laminated 
shales are often extremely irregular. When a vein passes from 
a heavy-bedded rock above or below into shales, it generally splits 
into a number of fissures of smaller dimensions. These then 
follow divergent directions ramifying through the shales in an 
intricate manner, and are, with few exceptions, without value. 
Occasionally great bodies of asphalt are to be found in clay or 
shale beds, but they are in the nature of pockets. These pockets 
may occur singly, or several may lie along a single crack or zone 
of fissuring, connected through the intervening spaces by minutely 
ramifying fissures almost void of bitumen. Many of them have 
been mined in the western part of the United States, but have 
in all cases, sooner or later, proved unprofitable, and have been 
abandoned. The regular fissures in the massive sandstones have 
so far been the only deposits of commercial value. 


COMPARISON WITH METALLIFEROUS VEINS. 

Horses.—Veins of asphalt show the same peculiarities of struc- 
ture as those of the precious metals, but on account of the con- 
trasted colors of the vein matter and wall rock these may be much 
more readily observed. This is particularly true in the case of 
included fragments of country rock, for in a vein of asphalt there 
is never any difficulty in recognizing horses of rock that have 
fallen in from the walls. Indeed it is often possible to determine 
the precise position which they originally held upon the wall, as 
the distance through which they have traveled is often less than 
three feet. At other times a body of rock hangs by the merest 
thread to the wall on the one side or the other of the fissure. The 
size of the horses that have been observed by the writer varies 
from a few inches to five or six feet in width and in length from 
three or four to twenty or thirty feet. 

Movement along Fissures.—The walls of the fissures frequently 
show slickensides indicating a movement in the direction of the 
markings. This usually coincides with the direction of the vein 
but the amount of movement seems generally to have been small 
as it is often difficult to detect any relative displacement of the 
rocks on the opposite sides of the fissure. Another evidence of 
movement is the variation in width which the veins sometimes 
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exhibit. In most cases, it is true, they are comparatively regular 
but pinches and swells forming bonanza-like pockets occasionally 
occur. These are connected with one another by constricted por- 
tions of the vein which contain little bituminous material. Such 
variations are usually explained in metalliferous veins by dis- 
placement. The fissure having had an undulating course in its 
downward extension the subsequent movement has brought the 
concave and convex portions opposite to one another, forming a 
constriction between two convex and a widening between two 
concave porticns. 





The presence of shoots following diagonal downward courses 
in the vein, a feature so often observed in metalliferous veins, 
has not yet been detected as exploitation has not been sufficiently 
extensive to reveal them. 


THE GENESIS OF ASPHALT VEINS. 

The genesis of asphalt veins involves much uncertainty. The 
question is readily divided into two distinct phases: (1) origin 
of the material which fills the fissures; (2) the immediate source 
from which the asphalt has been derived and the manner in which 
it was introduced into the fissure. 

Origin of Material—There is little question at the present time 
that the asphalt has been in some manner derived from petroleum, 
although the exact process by which this has taken place is not yet 
clearly understood. Among the evidences which prove that pe- 
troleum is the source of the asphalt none is clearer than that 
afforded by the remarkable parallelism of asphaltic and petroleum 
products. Thus there are amongst the oils a dozen different 
types: napthas, illuminating oils, lubricating oils, and natural 
residual oils, each of these exhibiting several varieties of compo- 
sition. In the same way among the asphalts there are grahamite, 
albertite, gilsonite, wurtzelite, ozocerite, negrite, and the simple 
variety of the hardened oil which passes under the name of 
asphalt. The chemical and physical properties of these series 
show a close correspondence which may even be extended to the 
minor subdivisions of the several groups. It is, therefore, not 
so remarkable that with the different types of oils as an original 


source there should be a corresponding series of asphaltic products 
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derived from them. In some cases the evidences of such deriva- 
tion are of a geological character and are susceptible of actual 
observation. A bed of paraffine has recently been found in 
Alaska on the western shore of Cook Inlet presumably associated 
with a fissure and from the manner of its association has unques- 
tionably resulted from an outpouring of a light illuminating oil 
of paraffine base. 

While the similarity between oils and asphalts thus affords us 
practically conclusive evidence as to the derivation of the latter 
from the former, it does not afford a clue as to the ultimate origin 
of the petroleum itself. 

Manner of the Filling of the Vein.—It seems highly improb- 
able that the petroleum or asphalt was foxmed as such in the 
fissure. Indeed the manner of its occurrence serves to disprove 
such a supposition. It is much more probable that it was intro- 
duced into the fissure from original deposits in the neighboring 
strata or from rock reservoirs in which it had been previously 
accumulated. A study of the rocks associated with these veins 
will serve to throw some light upon this question. These are 
in all cases sediments; either sandstones, shales, clays or lime- 
stones, or alternating beds of one or all of them. While the 
sandstone rarely shows impregnations of asphalt the limestones, 
shales and particularly the clays do show such impregnations. 
The limestones and shales are also more or less richly impreg- 
nated with bitumen. The first impression which one receives 
When considering these facts is that the asphaltic material which 
fills the veins has been derived from this disseminated bitumen. 
It has not thus far been observed, however, that the shales or 
limestones adjacent to the veins have been deprived of any por- 
tion of their bituminous contents. The explanation of this phe- 
nomenon may be that in the passage of the petroleum from the 
shales into the fissure, the material first having its exit into the 
cavity has been followed by other material behind and so on, 
until the operation has been brought to a close by the complete 
filling of the opening. The fissure and the adjacent strata are thus 
left filled with bitumen, and only that territory which is somewhat 


remote has been drained. Under the most favorable circum- 
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stances it would be a difficult matter to determine whether such 
remote territory had suffered a loss of its original content or had 
not at any time contained appreciable amounts of bitumen. The 
occurrence of oil well phenomena of the present day affords some 
confirmation of this theory of the flow of petroleum to a fissure, 
as the adjacent strata are exhausted. The oil wells which are 
large producers may be considered as taking the place of the nat- 
ural fissures, inasmuch as such fissures would tend to exhaust the 
supply in much the same way as the series of productive wells. 
The oil in a productive region flows from the adjacent strata 
into the wells and from the more remote strata into the adjacent 
strata, until the entire pool has been depleted. If the flow be 
checked prior to complete exhaustion, the well and the adjacent 
strata are left full rather than the strata which are more remote. 
We should, therefore, expect the same sequence of events to take 
place during the formation of asphaltic veins. 

Without entering into the difficult question of the flow of 
liquids at great depths below the surface, it seems well to venture 
upon a suggestion as to the manner in which the oil has been 
moved from its original position into the vein. The asphalt 
veins may have been formed either with or without an opening 
to the surface. In most cases it is presumed that no connection 
with the surface existed. In such a case a vacuum would prob- 
ably have been formed here when the fissure was opened and a 
powerful suction exerted upon the disseminated bitumen in the sur- 
rounding rock. It is probable also that the flow of material to 
the fissure has been aided by an expansion of the gases associated 
with the oil, such expansion occurring at the moment when the 
formation of the fissure relieved the pressure. The hydrostatic 
pressure of a salt water column as shown by Orton may further 
have operated in a similar manner to accelerate the introduction 
of material into the fissure. 

In those cases where the asphalt-filled fissures actually extended 
to the surface (and the evidence of such an extension may often 
be seen in the presence of an overflowing brea deposit) the expan- 
sive force of compressed gases and the weight of the hydrostatic 


column must have been sufficient to overcome the resistance of 
the air in the cavity. 
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COPPER DEPOSITS OF THE EASTERN TOWNSHIPS 
OF QUEBEC. 


JoHN ALEXANDER DRESSER. 


INTRODUCTION. 


“ce 


The name “ Eastern Townships” is applied to that portion of 
the province of Quebec which is comprised in the northward ex- 
tension of the Green mountains into Canada. The hilly char- 
acter of this district and its less accessible position delayed its 
settlement until nearly forty years after the cession of Canada 
to England. It was then surveyed according to the English mode 
of division of lands into townships that are approximately square, 
instead of the narrow oblong parishes of the French method of 
survey. 

The Green mountains in Canada are sometimes known as the 
Notre Dame Hills. They determine the eastern edge of the flat 
St. Lawrence valley, and extend northeastward from the boun- 
dary line between Vermont and Quebec for a distance of about 
one hundred and fifty miles, or nearly to the latitude of Quebec 
city. The highlands of Gaspé, commonly called the Shickshock 
Mountains, are the extension of the White Mountains of New 
Hampshire, or of some more easterly range of the Appalachian 
system. From these the hill country of the Eastern Townships 
is separated by a considerable interval. 

The main geological features of the district are three belts of 
crystalline rocks which are probably pre-Cambrian in age, sep- 
arated by Paleozoic sediments, which are almost wholly of pre- 
Devonian age. These relations may be clearly understood by a 
glance at the map, Fig. 35. The crystalline rocks are com- 
posed of altered sediments, tuffs, and true igneous rocks. The 
igneous rocks consist of a series of porphyries and andesitic rocks, 
and of a serpentine-diabase series. 
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COPPER DEPOSITS OF EASTERN QUEBEC. 447 
THE ORE DEPOSITS. 
MINING IN THE EASTERN TOWNSHIPS. 

The occurrence of copper in the Eastern Townships was known 
as early as 1841, in which year Sir William Logan examined a 
copper property at Carbuncle mountain, Brompton Lake. This 
was one year prior to the organization of the Canadian Geolog- 
ical Survey of which Logan was the first director. 

In 1847 the Geological Survey report called attention to the 
deposits at Upton, and the reports of succeeding years mentioned 
or described other localities, until a compilation of those in 1866 
gives a list of about five hundred localities in which copper was 
known to occur in the district. This mineral was vigorously 
sought for and extensively mined between the years 1859 and 
1866. With the decline in the price of copper which followed 
this time, from about thirty-five to nine cents per pound, the 
mining operations received a very severe check and work for a 
time almost ceased. 

In this earlier work copper was the only product of the ore that 
was then of any considerable value, and the richest sulphide ores 
were discarded when the percentage of copper was low. After 
the intense speculative wave had passed, notwithstanding the low 
price of copper, between 1875 and 1885 several properties were 
reopened or changed management and were worked on a better 
economic basis. Not only were the metallic contents of the ores, 
except the iron, utilized, but the sulphur was also saved for the 
manufacture of sulphuric acid and allied products. Thus some 
of the reopened properties have been worked continuously for 
about thirty years, 7. e., ever since their operations have extended 
to the utilization of the sulphur. A depth of three thousand 
feet, or thereabouts, has been reached, and although detailed 
reports are not available, the continually increasing scale of opera- 
tions at least indicates no diminishing of the works at these well- 
managed and successful mines. 


CLASSIFICATION OF THE DEPOSITS. 
The copper deposits of the Eastern Townships are of three dis- 
tinct classes: 
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1. Ores, chiefly chalcopyrite, with small amounts of chalcocite 
and bornite, and relatively unimportant amounts of other ores, 
principally carbonates and pyrite. The ores of this class occur 
in the porphyry-andesite schists, the oldest rocks of the region. 
They form lenticular bodies, apparently occupying crevices, or 
more likely, have replaced the rock along lines of weakness pro- 
duced in the course of the intense folding to which the region 
has been subjected. The gangue, when distinct from the coun- 
try rock, is generally quartz, though sometimes calcite. 

2. Chalcopyrite, bornite and chalcocite, with small amounts of 
carbonates compose the deposits of the second class. These occur 
as irregular bodies in Cambro-Silurian sediments where the latter 
are invaded by certain intrusives. The gangue is largely calcite. 

3. Chalcopyrite in pyrrhotite, with a little pyrite, forms the 
third class. The deposits of this class are situated along the con- 
tact of Cambro-Silurian strata with the intrusive diabase of the 
serpentine series. They are distinguished from the ore bodies 
of the second class, not only by the character of the ore and the 
presence of pyrrhotite, but apparently also by the fact that the sec- 
ond group are generally exomorphic contact bodies, while the third 
are principally endomorphic features of the contact. Moreover, 
the intrusives of the former are only dikes of comparatively small 
volume, but those of the latter class are large mountain-forming 
masses. The country rock of the second class of deposits is 
limestone wherever they have shown any important dimensions, 
with one possible exception, but in the third class it is an iron 
bearing slate or other metamorphic rock of the district. 

A few of the characteristics of the ore bodies of the first class 
only will be presented in this paper. 


CHALCOPYRITE AND PYRITE DEPOSITS. 
Distribution.—The deposits of this class include the principal 
basis of work in the early development of the district, and of all 
the ore bodies that are at present exploited. They comprise 
three principal groups: 
(a) Some fifty mining properties and prospects, of more or 
less promise, in the township of Ascot, and other townships near 
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the city of Sherbrooke. Amongst these are the Eustis, Capel- 
ton, King, Suffield, Ascot and other less known properties. 

(b) The series of deposits long known to extend through the 
townships of Sutton, St. Armand, Bromo, Shefford, Ely, Mel- 
bourne, Cleveland, Shipton, Tingwick, Arthabaska, Chester, 
Ham, Wolfestown, Inverness and Leeds, as well as the divisions 
of the seigniory of St. Giles, known as the Handkerchief, and 
Ste. Marguerite, in the county of Lotbiniére. 

(c) Deposits in the little known district along the boundary 
line between the province of Quebec and the state of Maine, south 
and east of Lake Megantic. 

It may be seen by reference to the accompanying map (Fig. 35) 
that these groups are in the form of belts, which have a general 
northeasterly trend and are approximately parallel. For conve- 
nience they may be designated as the Sutton, the Ascot, and the 
Lake Megantic belts. 

Dimensions and Relations to Enclosing Rocks.—In all cases 
the deposits occur in, or in close association with, altered volcanic 
rocks, generally of the porphyry class, The country rock is 
always highly folded, and often twisted and contorted to a re- 
markable degree, and this deformation gives to the ore deposits 
their characteristic shape. In form the deposits are much flat- 
tened lenses, which lie in conformity with the foliation of the 
rock. They are arranged en échelon generally along zones of 
extreme foliation. The individual lenses seldom exceed twenty 
or thirty feet in width, and bodies of these dimensions would be 
approximately two hundred to three hundred feet in length, ac- 
cording to approximate generalization from observation of a con- 
siderable number of the smaller lenses, and from the experience 
of miners who have worked out many of such bodies. The third 
axis, that nearest the vertical, follows the dip of the foliation, but 
its length relative to the other axes is not easy to ascertain, even 
approximately, since it is only these lenses which lie wholly be- 
neath the surface, ‘and which have been wholly worked out that 
can give data of any value, although a depth of nearly three thou- 
sand feet has been reached. Opportunities for such obser- 


vation are necessarily rare. Experienced miners seem agreed 
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that the dimension of these bodies in the direction of the dip is 
sometimes greater, at others less, than the horizontal axis, and 
some are of the opinion that it is generally greater. 

The arrangement of the ore lenses en échelon is a matter of 
much importance in following the ore bodies. Thus in the Ca- 
pelton district the miners have learned when a lens is exhausted 
to drift to the right to find the next. That is, that in proceeding 
along the strike towards the northeast, each succeeding lens ap- 
pears on the southeast side of the previous one, i. ¢., in the hang- 
ing wall, and in going towards the southwest the next ore body 
is to be looked for on the northwest, or in the foot wall. The 
dip here is from forty to seventy degrees towards the southeast. 

The ore bodies correspond in their arrangement with the order 
of the hills of the district, and with the general structure of the 
Appalachian mountain system, in which each range when fol- 
lowed northward is succeeded by another lying to the east. It 
is evidently the same orthographic feature which gives the Atlan- 
tic coast its general northeasterly trend. 

Though rarely, the ore bodies occasionally cross the planes of 
foliation of the country rock. They then have the aspect of veins 
running slightly oblique to the strike, or more rarely, to the dip 
of the enclosing rock. These vein-like masses are, however, of 
very limited extent, and are probably only the filling of local frac- 
tures between larger shearing planes. They are, perhaps, the 
better developed of the minor series of fracture joints.? 

The walls of the ore bodies are not usually well defined, though 
one is usually more definite than the other. The ore, which con- 
sists essentially of chalcopyrite in pyrite, grows poorer towards 
the edges of the bodies where there are no definite walls, until 
the proportion of ore in the country rock becomes so small as to 
be imperceptible. 

Origin of the Ore-—From the evidence at present available it 
can only be said that these ores were primarily brought in by the 
volcanics in which they are generally found; that the subsequent 
folding and shearing of the rocks developed planes of easier pas- 


*J. B. Woodworth, Proc. Boston Society of Natural History, Vol. XVIIL, 
Pp. 301, 1806. 














sage 
min 
bett 
to tl 
higt 
grea 
the 
dep 
whi 
occu 
T 
pyri 
the | 
ther 
crys 
J 
of s 
the 
itv, 
sulp 
ofs 
A 


sam 
low 
cial 
sult 
to $ 
clas 
per 
yiel 
our 


at 

All 
cop 
pla 








red 
ng 


1g 


dy 


un- 
ins 
lip 


ac- 
‘he 


ant 











COPPER DEPOSITS OF EASTERN QUEBEC. 451 


sage in which the subterranean waters, leaching out the metallic 
minerals from the rock, deposited them by replacement. The 
better preserved wall on one side of the ore bodies may be due 
to the fact that the rock on that side of the shear plane was more 
highly fractured than on the other, as is often the case. The 
greater replacement would thus take place on the fissile side of 
the water-bearing crevice. After the first film of ore had been 
deposited, a protection was afforded by it for the rock face on 
which it was deposited and all further replacement was likely to 
occur on the more fractured side. 

The common occurrence of chalcopyrite in crevices within the 
pyrite, and as a thin layer upon a joint face, seems to indicate that 
the chalcopyrite was introduced later than the pyrite. But of this 
there is not enough known as yet to speak decisively. Actual 
crystal replacement has not yet been observed. 

Value of the Ores—The average of a large number of assays 
of specimens from the south side of the Capelton hill, 7. e., from 
the Eustis and Capelton mines and other properties of the vicin- 
itv, showed the copper to range from 4 per cent. to 5 per cent., 
sulphur, 38 per cent. to 40 per cent., and approximately one ounce 
of silver to each unit of sulphur, with small amounts of gold. 

A number of assays of recent date from the north side of the 
same hill, from the Suffield, King and other ‘properties, give a 
lower percentage of sulphur, but higher metallic values, espe- 
cially of silver, which here seems to vary without regard to the 
sulphur. Gold is here commonly present to the amount of $2.00 
to $4.00 per ton. As a very general statement the ores of this 
class of deposits may be said to carry 4 per cent. of copper, 35 
per cent. of sulphur, near the surface, and at greater depths to 
yield uniformly 3 per cent. of copper, 45 per cent. of sulphur, three 
ounces of silver, and small amounts of gold. 

Gold, which does not seem to be present in appreciable amounts 
at lower levels, is often an important factor near the surface. 
Alluvial gold occurs in many of the streams which run over 
copper-bearing rocks, and the surface rocks yield it in many 
places. Ata depth of a few feet from the surface most such gold 
*Dr. R. W. Ells, Geol. Survey of Canada, 1888-9, p. 53 K. 
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prospects have been abandoned, but in one or two notable in- 
stances they have developed into copper mines, the copper values 
increasing as the gold values declined. 

Secondary Enrichment.—Although it has not yet been found 
possible to get information sufficiently definite and accurate to 
make a satisfactory comparison of the ores at different depths, 
there appears to be a slightly higher copper, and distinctly greater 
gold value, near the surface, than at a depth of a few hundred 
feet. This richer zone seems to be deeper but less well marked 
in the case of copper than of gold. The information available, 
however, is insufficient as yet to admit of safe generalization. 
At present it can only be said that there probably are such zones, 
that they are presumably due to secondary enrichment, and that 
any such enrichment has taken place from above, and hence by 
means of descending waters. The evidences that both the iron 
and the copper sulphides were deposited in their present position 
after the foliation of the country rock began have been already 
noted. 

Source of the Copper.—The source of the copper and other 
metallic minerals seems undoubtedly to be the volcanic rocks. 
The principal deposits occur wholly within these rocks, smaller 
bodies, however, being not infrequently found along the contact 
of the volcanics with an overlying dolomite. In such cases the 
copper has evidently been deposited contemporaneously with the 
dolomite, which it more or less strongly impregnates for a dis- 
tance of a few feet only from the volcanic rock. 

It was recognized by Logan that the copper deposits were 
derived from the country rock.!. But, on the assumption that the 
country rock was of aqueous origin, these were regarded by him 
as an excellent example of sedimentary mineral deposits. He 
thus summarizes his views :* ‘ The evidence which has been pre- 
sented in the description of the copper deposits of the Quebec 
Group, appears to show that the metal, like the iron, manganese, 
nickel and chrome, which so often accompany it throughout these 
rocks, was held in solution by the waters from which the sedi- 

*“ Geology of Canada,” 1863, pp. 734-5. 
Geology of Canada,” 1863, p. 734 et seq. 
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ments of the period were deposited. By the agency probably of 
organic matter it was reduced to the condition of a sulphuret 
and precipitated with the sediments, either in a finely divided 
state, or more frequently, in small nodules, or patches, which be- 
came interstratified with the limestones, the slates, the diorites 
and the other rocks of the series. A subsequent action, probably 
contemporaneous with that which has metamorphosed and crys- 
tallized the rocks over a great part of their extent, dissolved out 
portions of the copper sulphurets from these beds, and in certain 
cases deposited them with quartz and various spars, in the fissures 
of the rocks, giving rise to the veins or courses which have been 
described. 

“There appear to be in this region no facts to sustain the an- 
cient notion of the connection of metalliferous deposits with erup- 
tive rocks which are absent from great portions of the district.” 

With the knowledge that the country rock is eruptive, the 
above opinion becomes open to reconsideration. And since there 
seems to be no doubt that the copper has been derived from the 
country rock, these lodes can only be regarded as deposits genet- 
ically connected with volcanic rocks and the earlier view is thus 
completely revérsed. 








ON THE ORIGIN AND RELATIONS OF THE NICKEL 
AND COPPER DEPOSITS OF SUDBURY, 
ONTARIO, CANADA.! 


ALFRED ERNEST BARLOW. 
HISTORICAL RESUME OF THE LITERATURE. 


The literature on the nickel and copper deposits of the Sudbury 
mining district has already become so voluminous that it seems 
desirable before presenting an additional contribution to make 
brief reference to some of those publications which deal with the 
nature and origin of these justly celebrated ore-bodies. These 
deposits of pyrrhotite, with their unusually high content of 
nickel, and intimately associated chalcopyrite, are of importance, 
not only from the economic standpoint, but also from the point 
of view of science, as having furnished such strong presumptive 
evidence for regarding them, and their analogues in other places 
as igneous in origin, and as due to processes of differentiation 
in the original magma from which they and the associated erup- 
tive have solidified. 

In October, 1887, Mr. J. H. Collins visited the Sudbury region 
to examine into the extent and economic possibilities of the so- 
called copper mines. On June 6, 1888, he read a paper before 
the Geological Society of London “ On the Sudbury Copper De- 
posits,’ in which he embodied the results of his examinations, 
which, however, seem to have been restricted to the area in the 
immediate vicinity of the Copper Cliff and Stobie Mines. An 
abstract of this paper was afterwards published’ accompanied by 
two cross sections of the mines above mentioned, showing the 
geological association and position of these deposits. Mr. Collins 
mentions that the ore occurs in three forms, as follows: 

1. As local impregnations of certain silicious and feldspathic 

* Published by permission of the Director of the Geological Survey of 
Canada. 

2Quart. Jour. Geol. Soc. Lon., Vol. 1V., 1888, pp. 834-838. 
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beds or belts of rock of clastic or fragmentary origin, in the form 
of spots, patches, and strings of cupriferous pyrrhotite. 

2. As contact-deposits of the same mineral lying between the 
impregnated beds just mentioned and certain large interbedded 
or intrusive masses of diorite. 

3. As segregated veins of copper-pyrites and highly nickel- 
iferous pyrrhotite of secondary formation, filling fissures and 
shrinkage-cracks in the ore-masses of the second class. 

There is much in this mode of occufrence to suggest that the 
copper occurring in the first mode was an original, or at least a 
very ancient constituent of the beds, while the richer masses of 
the second and third modes of occurrence have resulted from later 
segregations into openings produced either by the intrusion of 
the diorites or by internal movements of the rocks. 

Mr. Collins further says that the following conclusions seem 
to be warranted: 

1. The rocks immediately enclosing the ore deposits were orig- 
inally, or at a very early period, pyritous and probably cuprif- 
erous. 

2. The intrusions of igneous matter gave rise to lines of weak- 
ness along the planes of contact. 

3. Subsequent fissuring and, to a certain extent, faulting, oc- 
curred at these contact-planes. 

4. The filling-in of these fissures was mainly by solution from 
the pyritous and cupriferous material of the enclosing stratified 
rocks. 

5. There is, in places, a pyritous breccia indicating a partial 
mechanical filling. 

6. There is, in places, a concentration of mineral matter in 
those portions uf the “country rock” which adjoin the more 
solid deposits occupying the fissures. 

” or ore within 
the masses has been the result of subsequent operations probably 


7. The formation of rich veinlets or “ leaders 


at many and very different times. These veins appear to occupy 
minor faults and shrinkage-cracks and to have been filled by seg- 
regation of more richly cupriferous material derived from the 
main masses of pyrites. 





456 ALFRED ERNEST BARLOW. 


8. Abundant evidence of partial movements within the masses 
of pyrites is afforded by the numerous slickensides which are 
everywhere present. 

This is probably the first detailed and authoritative utterance 
on the subject of the origin of these deposits. The conclusions 
have therefore been quoted at length in order to show that even 
at this early period strong insistence was made that the various 
agencies grouped together under the general term ‘ secondary 
action’ were the main, if not the sole determining cause of the 
present position and dimensions of the ore bodies. Mr. Collins, 
however, ignores any direct genetic connection between the sul- 
phides and igneous rock, merely pointing out that the necessary 
fissuring of the associated rocks was doubtless produced by its 
intrusion. It is worthy of note that in the discussion which fol- 
lowed the reading of Mr. Collins’ paper Mr. Atwood, who had 
been connected with the Dominion Mineral Company at the Ble- 
zard Mine, stated that ‘there was an abundant occurrence of 
diorite which in his opinion had brought up the metals.” 

At the Buffalo meeting of the American Institute of Mining 
Engineers, in October, 1888, W. H. Merrit? of Toronto, in re- 
viewing the Minerals of Ontaria and Their Development, states 
that “the Sudbury ore occurs irregularly in large lenses and is 
also found disseminated through the diorite with which it has 
undoubtedly been brought up.” 

In the Summary Report of the Geological Survey of Canada 
for 1888 Dr. Bell’ makes no mention whatever of the geological 
relations or origin of these ores but simply states that ‘‘ the metals 
which give most promise are the copper and nickel deposits which 
have been worked for the last three years near Sudbury.” 

In the Summary Report for 1889 Dr. Bell* makes his first 
statement in regard to the genesis of these ore bodies in the fol- 
lowing words: “These deposits may be described as ‘stock- 
works’-in which the vein structure is, very obscure” and also 
that “it would not be surprising if they (the later olivine-diabase 


* Trans. Am. Inst. Min. Eng., Vol. XVII., 1888, p. 295. 
? Ann. Rep. Geol. Sur. Can., 1887-88, p. 89, A. 
3 Ann. Rep. Geol. Sur. Can., 1888-89, p. 32, A. 
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S dikes) should prove to have some connection with the concentra- 
e tion of the ore in these masses which may be locally enriched por- 
tions of certain ore-bearing belts.” 

“e In his account of the “ Geology of Ontario with special refer- 
1S ence to Economic Minerals,” written by him as a member of the 
n Royal Commission to inquire into the mineral resources of On- 
1S tario, the same writer’ says that “the ore in this region is asso- 
y ciated with an obscurely stratified greenstone and its mode of 
1e occurrence is apparently that of large masses and impregnations, 
S, having rudely lenticular forms and following fahlbands which 
ie are roughly conformable with the general stratification of the 
ry country rocks.” 

ts In the same publication he* expresses the opinion that “ the 
)1- general geological position of these ores is in diorite and more 
id especially brecciated diorite’’ and asserts that “they appear to 
e- have been connected with longitudinal fissures and were of the 
of nature of great brecciated veins or ‘stockworks.’”? Again he 


emphasizes the frequent association of the later dikes of olivine- 


1g diabase with the ores and ventures the prophecy that “it may 
e- be found on fuller investigation that they have had something to 
es do with their enrichment at these places.” 
is On March 6, 1891, the writer read a paper before the Logan 
as Club of Ottawa “On the Nickel and Copper Deposits of Sud- 
bury’ which was published in June of the same year, in which 
da appears the first definite statement affirming an igneous origin 
-al for these masses of sulphide material in the following words :* 
ils “The ores and the associated diabase were therefore in all prob- 
ch ability simultaneously introduced in a molten condition, the par- 


ticles of pyritous matter aggregating themselves together in 


rst obedience to the law of mutual attraction.” In the same publi- 
ol- cation the author makes the significant statement which has since 
*k- been amply proved that “the nickel is present in these ores as a 
lso distinct and separate sulphide like that of the vein and copper.” 
ise 


1 Min. Res. of Ontario,” 1890, p. 231. 

2“ Min. Res. of Ontario,” 1890, p. 435. 

3 Ottawa Naturalist, June, 1891, pp. 1-20; also Ann. Rep. Geol. Sur. Can., 
Vol. V., 1890-91; pp. 122-138, S. 
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In 1891 Dr. Bell’ presented a paper to the Geological Society 
of America entitled “The Nickel and Copper Deposits of the 
Sudbury District, Canada,” in which he adopts the hypothesis of 
the differentiation of these ores from a molten magma, thus 
materially altering his previous opinion which affirmed their sec- 
ondary formation. 

A little later in an article on “ The Laurentian and Huronian 
Systems North of Lake Huron” the same author’ states that: 
“although most of these ores appear to have separated them- 
selves from a cooling magma, we find occasional evidence of sub- 
sequent modifying processes. Still there can be no doubt that 
the large ore bodies of this district were not originally deposited 
from aqueous solutions like the gangue and ore of ordinary met- 
alliferous veins.” 

In the same year (1891) Dr. Bell® in his final report on “ The 
Sudbury Mining District” again emphasizes his belief that these 
ores have originated primarily from a state of. fusion. 

At the Chicago meeting of the American Institute of Mining 
Engineers in August, 1893, S. F. Emmons‘ of Washington read 
a paper on the “ Geological Distribution of the Useful Metals in 
the United States,” in which he states his belief that the ore “ was 
formed by concentration through percolating waters of the ma- 
terial originally disseminated through the rock in water channels 
formed by fault planes or zones of displacement.”’ 

W. H. Merritt ® in the discussion of Mr. Emmons’ papef again 
refers to the diorite as the source of supply of the ore, but states 
that, although the theory of the concentration of the ore bodies 
in the fused magma would not appear unreasonable, he yet con- 
siders that a secondary concentration must have taken place to 
explain the presence of some of the ore bodies. In support of 
this view he mentions the presence of thin films of native copper, 
the sharply brecciated horses of country rock cemented by the 
ore, and the bands of fluccan across certain of the deposits. 


1 Bull. Geol. Soc. Am., Vol. I1., 1891, pp. 135-136. 
2Ann. Rep. Bur. of Mines, Ont., 1891, pp. 89-90. 
3Ann. Rep. Geol. Sur. Can., 1888-90, pp. 49-51, F. 
‘Trans. Am, Inst. Min. Eng., Vol. XXII., 1893, p. 70. 
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During the summer of 1890' the late Baron Von Foullon of 
the Geological Survey of Austria spent a few weeks in this coun- 
try. Asa result of his investigation he came to the conclusion 
that these ores were not deposited from solution but are of 
igneous origin. 

During the summer and fall of 1893, E. Renshaw Bush,’ while 
pursuing professional work, visited some of the more important 
deposits and afterwards published his observations in a paper 
called ‘The Sudbury Nickel Region.” Mr. Bush in this paper 
states that “the chief features suggesting an aqueous origin are: 
(1) A prevailing tendency of the sulphides to occur along planes 
of contact, and fractures, cleavage planes and joints, and the im- 
pregnation of the rock in the vicinity of such planes. (2) The 
direct contact of some structurally different igneous or sedimen- 
tary rocks in certain localities of the mineral aggregates. (2) 
The impregnation of extensive areas of schistose strata in the 
neighborhood of greenstone masses. 

Philip Argull,* in a paper entitled “ Nickel, the Occurrence, 
Geological Distribution and Genesis of its Ore Deposits,” read 
before the Colorado Scientific Society of Denver on December 
4, 1893, advances his opinion that the nickel in all probability 
originally present in the diorite or diabase was leached out from 
these rocks by solutions potent to dissolve the nickel and concen- 
trate it along lines or zones favorable to precipitation. 

In a paper “On the Igneous Origin of Certain Ore Deposits ” 
read before the General Mining Association of the Province of 
Quebec, Montreal, January 12, 1894, Dr. F. D. Adams‘ strongly 
endorses Professor Vogt’s opinion that these ores are the differ- 
entiation product of a basic igneous rock. D. H. Browne,’ in 
1895, draws an analogy between a pot of matte, in which he 
found that the nickel and copper sulphides tended to separate, 
and the Sudbury ore bodies. 


1 Jahr. der K. K. Geol. Reich., Vol. XLII., 1892. 

2Eng. & Min. Jour. Vol. LVII., March 17, 1894, p. 246. 
3Proc. Col. Sc. Soc., Vol. IV., 1891, 92-93, p. 407. 

*Can. Min, Review, February, 1894. 

5 School of Mines Quarterly, Vol. XVL., 1895. 
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In 1895 Professor J. F. Kemp,’ a strong supporter of the 
theory of magmatic differentiation as regards these ores, gave a 
paper entitled: “ An Outline of the Views Held To-day on the 
Origin of Ores,” offering an explanation based on the laws of 
thermo-chemistry to explain the concentration of these sulphides 
of iron, copper and nickel. 

In 1897 Dr. T. L. Walker’ expressed himself as in agreement 
with Professor Vogt in regarding these ores as the direct product 
of the differentiation of the norite magma. 

At the meeting of the American Institute of Mining Engineers 
held in Albany in February, 1903, Chas. W. Dickson’ submitted 
a paper entitled ‘The Ore Deposits of Sudbury, Ontario.” In 
the second part of this paper he adduces certain evidence in sup- 
port of his opinion that all of the Sudbury ore deposits are of 
essentially and predominantly secondary origin. The evidence 
adduced is mainly based on examinations of the relations between 
the ore and rock minerals as seen under the microscope. His 
comparison of the Sudbury ore deposits with those of Rossland, 
B. C., and Ducktown, Tenn., is unfortunate, as all who have ex- 
amined these last mentioned deposits are agreed that they are 
undoubtedly secondary and present little or no resemblance to 
those of Sudbury. 

In the latest edition of Dr. Richard Beck’s “ The Nature of 
Ore Deposits,’ which is translated and revised by W. H. Weed 

(1905), the author concludes that “the segregation of the mag- 
netic pyrite and copper pyrite in their present condition took place 
during or after the dynamic metamorphism of the gabbro rocks 
of that locality and not by means of a magmatic differentiation.” 

The hypothesis of magmatic differentiation as applied to these 
ores finds no stronger advocate than Dr. A. P. Coleman of To- 
ronto University, who has perhaps devoted more time and atten- 
tion to their study than any other geologist, and his latest expres- 
sion in the report, which is daily expected, will no doubt con- 
tribute to greatly strengthen the position of those who entertain 


similar views. 


'Min. Industry, Vol. 1V., 1895, pp. 755-766. 
2 Quart. Jour. Geol. Soc. Lon., Vol. LIII., 1897, p. 52. 
Rl 3Trans. Am. Inst. Min. Eng., Vol. XXXIV., 1903, pp. 2-67. 
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THE ORE-DEPOSITS. 
THE NICKEL BEARING ERUPTIVE. 

The nickel bearing eruptive may, for purposes of description, 
be considered under two divisions : 

I. A basic portion: including certain gabbroid rocks, chiefly, 
at least, of the norite facies, with their derivative diorites, with 
which the nickel and copper bearing sulphides are immediately 
associated. 

2. An acidic portion: comprising large areas of rock of gran- 
itic type, with well marked gneissoid structure, the prevalence 
and abundance of the graphic intergrowth of the quartz and 
feldspar, known as granophyre or micropegmatite, having sug- 
gested the name “ micropegmatite” by which this rock is now 
generally known. 

The line of outcrop of this intrusive sheet of norite traces an 
almost unbroken ellipse, northwest of Sudbury, with a major axis 
of nearly thirty-eight miles, lying northeast, and a minor axis 
averaging about fifteen miles. The width of exposure varies 
from one to four miles (including both the norite and the micro- 
pegmatite). 

The least altered phase of the basic portion of the eruptive is 
represented by what may be referred to as “norite.”’ The rock 
is sometimes called a “ quartz-hypersthene-gabbro,” but for gen- 
eral purposes the former name is preferred. 

The microscopical examination shows the rock to be an erup- 
tive of rather exceptional character and interest. It belongs to 
the general family of gabbros, but with distinct traces of, and, 
at times, well marked diabasic or ophitic structure. The preva- 
lence and usual preponderance of hypersthene or enstatite, show 
its close affinity with the norites, while it contains, what is very 
exceptional for such a rock type, an abundance of original quartz. 
In fact, many specimens could be secured which contain nearly 
as much quartz as'an ordinary hornblende granite. In some in- 
stances, noticeably at the Copper Cliff mines, a large quantity of 
micropegmatite or granophyre is present, the feldspathic constit- 
uent of this graphic intergrowth being usually plagioclase. Ex- 
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posures show a massive, medium to coarse-grained, dark-grayish, 
greenish-gray or brownish rock, which is often almost black in 
color on freshly broken surfaces. Scales of deep brown biotite 
are usually conspicuous, while the quartz is perhaps equally so, in 
very characteristic sapphire blue or purplish grains. 

The orthorhombic pyroxene, either hypersthene or enstatite, 
shows a distinct approach to perfection of crystallographic out- 
line, and, in many cases, was the first of the essential minerals to 
form. In occasional instances, the hypersthene is unaccom- 
panied by a monoclinic pyroxene, as in some of the specimens col- 
lected in the vicinity of the Blezard mine. It is often by far 


the most abundant of the colored constituents, as at the Murray - 


mine, where the diallage is only occasionally represented, while 
almost the whole rock mass is made up of hypersthene, in various 
stages of decomposition, the small and infrequent interspaces 
being occupied by plagioclase. The hypersthene is, as a rule, 
rather faintly pleochroic, although specimens from the vicinity 
of the Blezard mine, and from a railway cutting about one mile 
and a half northwest of the Murray mine, are very strongly 
pleochroic, rose red to pale yellowish-green. The enstatite is 
colorless in thin section and, in contradistinction to the hypers- 
thene, exhibits little or no pleochroism. Both the hypersthene 
and the enstatite are very liable to decomposition, so that, in most 
cases, areas of this mineral are replaced by an aggregate of light- 
green, non-pleochroic, brilliantly polarizing fibrous or scaly ser- 
pentine (bastite). This alteration is often accompanied by the 
separation of minute grains of magnetite. In most cases, even 
the fresh individuals of hypersthene are bordered by a compact, 
strongly pleochroic, green hornblende which is doubtless an 
original constituent. This primary hornblende, likewise, forms 
borders on areas showing the complete bastitic alteration. In 
addition to this, there is undoubted secondary hornblende result- 
ing from the alteration, first, of the bastite into actinolite, and 
this in turn to the ordinary type of green hornblende. 

The monoclinic pyroxene, which is usually present in subor- 
dinate amount, is likewise frequently bordered by primary horn- 
blende, and thus, the individuals of these two pyroxenes cannot 
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be distinguished from one another in specimens which have un- 
dergone any advanced decomposition. Sometimes both pyrox- 
enes show the presence of the characteristic, minute, tabular 
interposition of schillerization products but, as a rule, these are 
absent. Olivine is present in small amount in the norite obtained 
from the Little Stobie mine, but most of it is altered to an aggre- 
gate of deep colored scaly serpentine, talc and magnetite. Biotite 
is an almost invariable constituent and is usually rather abundant 
in large plates and is undoubtedly of primary origin. The pla- 
gioclase is usually in broadly twinned, stout, lath-shaped or tab- 
ular crystals, whose frequent interlacing arrangement produces 
the characteristic, rude, ophitic structure. Separations by means 
of Thoulet’s heavy solution, as well as the extinction angles, 
show that this plagioclase is labradorite. 

Quartz and occasionally granophyre fills most of the irregular 
interspaces between the other constituents, although in the norite 
from the Creighton mine, microcline almost invariably accom- 
panies this interstitial quartz. Apatite, magnetite, which is 
usually highly titaniferous, zircon and grains of pyrite, pyrrhotite 
and chalcopyrite are almost always present. These sulphides are 
distinctly of primary origin, and were among the earliest of the 
minerals to crystallize from the original magma, antedating even 
the magnetite, in some cases, for grains of pyrrhotite were 
noticed completely enclosed by the iron ore. The sulphides 
occur, for the most part, intimately associated with, and fre- 
quently embedded in the colored constituents, in much the same 
way as the magnetite, from which they can only be distinguished 
by the difference in color in reflected light. The pyrrhotite and 
chalcopyrite are often very intimately associated, so that they are 
extremely difficult of separation, even the smallest grains show- 
ing intimate intergrowths of these minerals with one another. 
These sulphides frequently occur in those portions of the norite 
which have suffered so little from dynamic metamorphism, that 
only an occasional dislocation of a plagioclase crystal is noticed 
in them, while they have been so little affected by hydro- 
chemical agencies that such readily alterable minerals as hypers- 
thene, enstatite, olivine and diallage are still plainly recognizable 
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in their specimens. The sulphide material, in such cases, is often 
not subordinate in amount, but is so abundantly disseminated as 
to characterize the rock, and justify the name of ‘ 
norite’’ which is sometimes applied to it. 

Although a considerable number of specimens were secured, 
representative of the comparatively unaltered norite, by far the 
larger proportion of the material collected consisted of a massive, 
usually coarse gabbro-diorite in various stages of alteration. 


‘ pyrrhotite- 


Very few of these show even traces of dynamic metamorphism, 
and, as a rule, the ophitic structure, produced mainly by the inter- 
lacing arrangement of the plagioclase crystals, is quite undis- 
turbed. The alteration is mainly due to hydro-chemical agencies 
and affects the pyroxenic minerals, decomposing these to a pale, 
yellowish-green serpentine, sometimes of the ordinary type, but 
usually of the bastite variety. Actinolite also results from the 
alteration of the pyroxenes. The compact borders of primary 
hornblende, often surrounding the original pyroxenes, are evi- 
dently made up of much more stable material, not having been 
affected by any of these changes. The areas formerly occupied 
by the pyroxene are, therefore, replaced by bastite or actinolite, 
the hornblende borders remaining unaffected, the individuals thus 
decomposed being referred to as uralite. No distinction can be 
drawn between grains which represent hypersthene or diallage, as 
both of these minerals apparently decompose to closely related, 
if not identical material. The labradorite is usually quite fresh, 
in tabular or broad blade-like forms, with a brownish color of 
varying shades, which is so prevalent in the norites. Occasion- 
ally it shows incipient decomposition to the usual saussuritic 
products, mainly sericite, but also epidote and zoisite. Biotite is 
always present and conspicuous in large plates with strong pleo- 
chroism. It is sometimes intergrown with the hornblende and 
has.also undergone considerable “bleaching.” It usually con- 
tains comparatively large irregular grains of magnetite. Quartz 
is always present, and sometimes abundant, filling up the irreg- 
ular interspaces between the other constituents. Highly titanif- 
erous magnetite and apatite are also always present, but in small 


amount, while the pyrrhotite and chalcopyrite vary in amount, 
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n from occasionally disseminated grains to such quantities as ensure 
S the use of the mass as an ore of nickel and copper. 
a In addition to the norite and diorite, a more acid rock of gran- 
itic composition and prevailing gneissoid structure occurs, which 
l, cannot be separated genetically from the more basic portion with 
e which the sulphides are more directly associated. This rock has 
9 usually been referred to as “ micropegmatite’’ a name first sug- 
l. gested by the late Professor G. H. Williams." There is no sharp 
1, line of demarcation between the acidic and basic portions of the 
a nickel bearing eruptive, but the change, though gradual, is usually 
= sharp enough to enable a boundary to be placed between these 
S two types, with tolerable accuracy. Outcrops of this rock are 
° evenly banded or foliated, with a distinct strike and dip, usually 
it porphyritic, weather a pale reddish or grayish color and are fre- 
ie quently intersected by irregular and often intricate vein-like 
¥. masses of quartz, evidently of pegmatitic origin. On freshly 
E exposed surfaces, the rock is usually dark colored, with abun- 
n dantly disseminated, small, reddish or yellowish phenocrysts of 
d feldspar. Orthoclase is often present in considerable amount, 
c, and towards the outer edge of the mass is the predominant feld- 
1S spathic constituent, but plagioclase (oligoclase or oligoclase-and- 
e esine) is usually more or less abundant. Microperthite and 
S microcline are also often present, but in subordinate amount. 
1, Much of the feldspar is somewhat turbid, owing to decomposi- 
a, tion. Biotite is the prevailing ferromagnesian mineral and much 
rf of it is “ bleached” and altered to chlorite. It is usually in small, 
as irregular, tattered scales and plates, arranged in narrow, approxi- 
ic mately parallel bands, gently curving around and among the 
is larger phenocrysts of feldspar. The abundance of the biotite, 
)- and its frequent alteration to chlorite, give the prevailing dark 
id color to the rock on fresh surfaces. The transition type between 
i the micropegmatite and the norite, shows a varying proportion of 
tz hornblende, which mineral, as a general rule, diminishes in 
z- amount in passing outward from the norite, although certain 
f- bands of relatively greater basicity show an appreciable amount 
Il of this mineral, even at a considerable distance from the line of 
* Ann. Rep. Geol. Sur. Can., Vol. V., 1890-01, Part F, p. 78. 
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junction. One of the most noteworthy points, in connection 
with this gneissoid rock, is the prevalence and abundant devel- 
opment of micropegmatite or granophyre, and also the fact that 
plagioclase and quartz are most frequently the component min- 
erals forming this graphic intergrowth. The micropegmatite, 
together with the bisilicate material, chiefly biotite or chlorite, 
and sometimes hornblende and accessory epidote, ilmenite and 
sphene, form a groundmass in which the comparatively large 
phenocrysts of feldspars, chiefly plagioclase, but sometimes also 
orthoclase and microperthite, are embedded. The granophyre or 
micropegmatite very often stretches out in various directions 
from a central portion or body, made up of well twinned and 
rather sharply bounded crystals of plagioclase. The effect of 
pressure is very noticeable in all the thin sections, not only in 
the strain shadows, but also in the dislocation of the feldspar 
individuals and the abundant development of the fine interstitial 
quartz and feldspar. 

On the first geological map this micropegmatite was included 
with, and colored as, a part of the Laurentian, the reddish color, 
gneissic structure, and general behavior being the main factors 
which determined this classification. 

The variations in the chemical composition, marking the trans- 
ition from the norite to the micropegmatite, is well illustrated by 
a series of analyses made by Dr. D. T. Walker’ from specimens 
obtained from the Blezard mine crossing. The specimens range 
from south to north, from I. to V. Analysis No. IV. is by Mr. 
C. B. Fox. 


I, Il, Ill. t¥ 5 N. 
SiO, 49.90 51.52 64.85 69.27 67.76 
TiO 1.47 E530: | esGaanveureecscs 0.78 0.46 
P.O, 0.17 0.10 0.24 0.06 0.19 
Al,O, 16.32 19.77 11.44 12.56 14.00 
BOR. il sssenee Geckscek : 0.47 2.94 BNO secesssassabevssas 
FeO 3.54 6.77 6.02 4.51 5.18 
CaO 6.58 8.16 3-49 1.44 4.28 
MgO 6.22 6.49 1,60 0.9! 1.00 
MnO trace trace trace trace trace 
K,O 2.25 0.70 3.02 3-05 1.19 
Na,O 1.82 2.66 3.92 3.12 5.22 
H,O 0.76 1.68 0.78 0.76 1,01 
Totals 99.03 99.71 98.30 99.35 1C0.29 


* Quart. Jour. Geol. Soc. Lon., Vol. LIII., February, 1897, p. 50. 
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NOTES ON THE ORIGIN OF THE SUDBURY ORES. 
Davip H. Browne. 


In examining the-various theories as to the genesis of the cop- 
per nickel ores of Sudbury, I have naturally been led to consider 
them from an economical and metallurgical standpoint. The 
relation of the ores to included rocks, the variation in compo- 
sition of the ore with reference to their place in the ore body, 
and the changes in the ratio of copper to nickel contents; such 
points as these have a distinctly economic bearing. From such 
study of the ores certain ideas have crystallized and are here 
presented for their bearing on the geology of the ores. 

In explanation of the Sudbury ore deposits two theories have 
been offered. The first, that of segregation from a molten 
magma finds the support of the provincial and dominion geolo- 
gists and others who have studied the subject on the ground. 
The second, that of deposition from aqueous solutions appeals to 
those who study the ore deposits by analogies, with the aid of 
text-book descriptions and microscopic rock sections. 

Briefly stated, the magmatic theory supposes the instrusion of 
immense masses of molten or semi-molten material from which 
segregated in cooling the ore bodies and their enclosing and sur- 
rounding rocks. The aqueous theory assumes the existence of 
nickel in the greenstones or diorites, and supposes it to have been 
concentrated by leaching waters along zones of shearing and 
faulting. 

The arguments in favor of the igneous theory may be sum- 
marized as follows: There is a gradual transition from the acid 
or granitic rocks to the basic or dioritic rocks, so that one class 
appears to merge into the other. There is also a gradual transi- 
tion in the ore bodies from rock carrying a little ore to ore carry- 
ing a little rock. The ore bodies contain magnetic iron oxide 
which elsewhere in Ontario is an admitted constituent of igneous 
467 





468 DAVID H,. BROWNE. 


rocks, and finally the mineral shows under the microscope very 
little evidence of secondary action. 

The arguments per contra are that the diorites and greenstones 
in the neighborhood of the ore do contain small amounts of 
nickeliferous pyrrhotite, that there is a sharp line of contact ex- 
tending for many miles between acidic and basic rocks, that along 
this line is much evidence of distortion and crushing, and that 
a microscopic examination shows the sulphides penetrating crys- 
tals of silicates in such a way as to suggest the replacement of 
silicates by sulphides. 

Such, without going into detail, is as much as the layman 
grasps of the two arguments. The metallurgical relations of the 
ores are upon the side of the magmatic segregation theory, and 
some of these relations may here be explained. 

In the first place, the ores are remarkably monotonous, consist- 
ing as they do of pyrrhotite, chalcopyrite and pentlandite. The 
composition of these ores at least as they occur at Sudbury, is: 





Chalcopyrite. Pyrrhotite. Pentlandite. 
Fe 30.5 61 30 
Cu 34.5 a sa 
Ni : oe 35 
Ss 35 39 35 


Practically speaking, there is no pyrite, marcasite or any other 
sulphide found in the great ore bodies. 

Secondly, we do not find in the Sudbury deposits any replace- 
ment minerals, any chalcocite, cuprite, malachite or chrysocolla, 
such as are common in copper ores in Montana and Arizona, nor 
do we find any nickel silicates or hydrated nickel minerals such 
as are found in North Carolina and Oregon. Any such secon- 
dary minerals that may have come from this district are of ex- 
treme rarity; practically speaking, they do not exist. The ore 
from all the great deposits, Copper Cliff, Evans, No. 2, Stobie, 
Frood and Creighton, is entirely pyrrhotite, chalcopyrite and 
pentlandite, with more or less intermingled breccia of norite rock. 

Thirdly, the ore deposits are water-tight. By this I mean they 
contain no cracks, seams or zones of enrichment, nor do they 
show any evidence of lines of weakness along which ascending 
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or descending waters might have entered. The ores fill the 
deposit space absolutely. There are no vugs, no drusy cavities, 
no crystalline formations such as one finds elsewhere from the 
action of water. A crystal of any sort is the rarest possible 
occurrence in the Sudbury ores. 

Fourthly, the mines are as a rule dry, and what little water is 
encountered is surface water. 

Fifthly, water has little or no effect upon the raw ore, and the 
mine water, even on the lower levels, is so pure that it can be 
drunk by the men. Even in old workings water appears to have 
very little action on the mineral, and the only stain which is 
found upon the walls of the open pits is due to leaching of the 
gossan. 

Sixth, there is very little gossan on the deposits. They 
weather very slowly. Since glacial times many deposits have 
remained untarnished and with their bright glacial polish intact. 
Even on exposed hillsides the gossan is very thin and the ore 
shows only a few inches of surface tarnishing. 

These points seem to prove that the ores once formed were 
not removed, changed, or in any way disturbed by surface action. 

Admitting that some of the smaller mines, such as the No. 1, 
the Vermilion and the Victoria and a few outlying deposits do 
show somewhat vein-like structure and slickensided edges, it must 
be admitted’ also that these small deposits are outside the main 
ranges and do not represent the large ore masses. Further, it 
is quite possible that this vein-like structure may have been pro- 
duced by mass movements of the ore bodies or their surrounding 
rocks after, and not before, the segregation of the sulphides. 
Any data drawn from such small mines as these are apt to be 
very misleading since these represent a different type of deposits 
from the main ore bodies. 

On the other hand, while the ore bodies show little or no evi- 
dence of secondary enrichment or replacement, any one who has 
had the slightest familiarity with the Sudbury ores, knows that 
copper tends outwards toward the rock, and nickel tends inwards 
toward the center or at least toward the hottest part of the de- 
posit. If the ratio of copper to nickel is one to two in the ore, 
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it rises to one to one in the norite rock picked out from the ore. 
The following shows this tendency of copper to collect around 
the edges of the deposit and thereby to increase the copper ratio 
in the rock: 
Ratios oF Copper To NICKEL. 
No. 2 Mine Ore, 100 parts Cu to 187 parts Ni. 


Rock, “ iad 89 if o 
Creighton Ore, = oe oe MED eRamiys. er) - tS! 
Rock, “ “s ees. 


Evans Ore, 


Rock, 2 i be a x 


While it may seem an absurdity to argue a similarity between 
the deposition of these ores and the manner in which the copper- 
nickel sulphides segregate in a matte pot, yet there is a striking 
analogy between these two. In the School of Mines Quarterly, 
Columbia College, for July, 1895, I published a series of diagrams 
showing how in a pot of molten matte the copper tends to move 
outward toward the cooling sides, while nickel is concentrated 
inward to the center. Eleven years have served to confirm this 
general impression that the copper and nickel in the ore bodies 
have followed the same laws and distributed themselves in ac- 
cordance with this viscosity and their fusion points. Sometimes 
the change from a copper ore on one side of a deposit to a nickel 
ore on the other side is very noticeable. 

The most striking change in ore ratio which I have yet seen 
occurred at the Crean Hill mine. In diamond drilling across 
the deposit from foot to hanging wall and through several in- 
cluded reck masses, all of which with both the foot and the hang- 
ing wall were of norite, the ore changed with remarkable regu- 
larity from copper ore on the foot to nickel ore on the hanging 
wall. Taking the per cent. of copper at any analysis as 100, the 
amounts of nickel in relation to the copper in crossing the vein 
were: 

RATIOS OF Copper TO NICKEL IN THE CREAN HILL MINE VEIN. 
Footwall, Ore 100 Cu to 12 Ni. 


Rock intrusion, 
Ore “ > 2 


Rock, 
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Rock, 
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Ore “ “ 250 “ hanging wall. 


Another diamond drill hole on the same vein showed the ratio 
changed from 100 Cu to 21 of nickel on the foot wall to 100 Cu 
to 413 nickel on the hanging. 

While this segregation of copper and nickel holds true in the 
mines, its effect on the ore body is not as great as might be 
expected. The ore bodies are very large. The method of min- 
ing is such that the ore is taken out from all over the deposit 
at the same time. In this way, and for this reason, the analysis 
of the ore from any mine varies very slightly from month to 
month. 

Another point of metallurgical interest is the composition of 
what might be called the “ residual rock” in the ore. If a green 
ore be melted down without chemical change, we obtain the sul- 
phides free from the enclosed rock and the rock free from the 
surrounding ore. In so doing on a furnace scale we obtain a 
highly aluminous slag. The composition of this is best studied 
by calculation from analysis of the ore. 


CREIGHTON OrE ANALYSES. 


Cu 1.77 SiO. 10.10 
Ni 5.62 Al:Os 6.85 
Fe 44.68 MgO 1.40 
S 27.48 CaO 1.19 


Figuring the sulphides as chalcopyrite, pyrrhotite and pent- 
landite and recalculating the other elements to 100 per cent., we 
get from the above ore the following residue: 


SiO: 35.58 MgO 4.00 
FeO 32.06 CaO 4.18 
Al.Os 24.13 
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Take No. 2 mine ore and calculate the residual rock in the 
same way. 
No. 2 MINE ORE. 


Cu 1.33 Ss 27.48 
Ni 3.55 Al.Os 7.20 
Fe 44.30 CaO a5 
SiOz 11.82 MgO 3.08 


This leaves residual rock containing: 


SiO: 41.7 CaO 5 
FeO 21.1 MgO 10.8 
Al.Os 25.4 


This, as in the Creighton ore, is an extremely aluminous and 
sticky residue, such as would be expected to remain behind from 
the movement of a segregating magma. If we take the aqueous 
theory we must suppose the leaching water to have attacked a 
norite rock, and removing from it certain elements, replaced 
them by sulphides. The analyses of diorite shows 47 per cent. 
silica. The Creighton ore itself contains about 10 per cent. silica. 
This amount of removal will not in any way account for the 
amount of mineral introduced, nor for the exceptionally alumi- 
nous character of the residual rock. It is much easier to con- 
ceive that this residue is the remainder or dregs of the magmatic 
separation. 

There was published in the quarterly Journal of the Geological 
Society of London, Vol. III., the following series of analyses by 
Dr. T. L. Walker of the rocks obtained along the Blezard mine 
crossing : 


I. Il. III. IV. v. 
SiO. 49.90 51.52 64.85 69.27 67.76 
TiOz 1.47 1.39 see 78 .46 
P20; 17 10 25 .06 19 
Al.O; 16.32 19.77 11.44 12.56 14.00 
FeO; Rew 47 2.04 2.89 ae: 
FeO 13.54 6.77 6.02 4.51 5.18 
CaO 6.58 8.16 3.49 1.44 4.28 
MgO 6.22 6.49 1.60 .OI 1.00 
K:O 2.25 0.70 3.02 3.05 1.19 
Na:O 1.82 2.66 3.92 3:12 5.22 
H.0 76 1.68 7 76 1.01 











99.03 99.71 98.31 99.35 100.29 


7 
Sp. Gr. 3.026 2.832 2.788 2.724 2.700 














out. 
in s 
phi 


A 
tang 
resi 
and 

1b 
cale 
tota 
larit 
anal 
mos 


The 


poin 
to th 
the 2 





o 











NOTES ON ORIGIN OF SUDBURY ORES. 473 


This shows an increase in bases and a decrease in acid through- 
out. A still more basic rock is the norite which lies in the ore, 
in some cases surrounding, in other cases surrounded by the sul- 


phides. This norite analysis is as follows: 


CREIGHTON NOorITE. No. 2 Norite. 
SiO: 47.70 47.82 
FeO 12.35 12.09 
Al.Os 15.23 16.57 
CaO 8.72 7:32 
MgO 6.55 6.62 
Cu .10 15 
Ni 30 30 
> 25 26 


A still more basic rock than this is the “residual” rock en- 
tangled in the ore. We have thus a series ranging from the 
residual rock through the norite and diorite up to the pegmatites 
and granitic rocks. 

If we examine the relation of acid to base in these rocks by 
calculating the amount of oxygen present in the silica and the 
total amount of oxygen present in all the bases, we find a regu- 
larity that is more apparent than a simple examination of the 
analyses would indicate of the rocks in Walker’s table, the two 
most acid rocks, [V and V are practically alike in oxygen ratio. 
The other arrange themselves in the following series: 


Per Cent. Oxygen Per Cent. Oxygen 
in Silica. in Bases. 

V 36.11 10.99 

lV 36.92 10.17 

Hil 34.56 10.67 

Il 26.59 15.37 

Usual 

Norites 24.5 17.00 

Residual 

Rock 18.84 21.86 


Looking at these from a metallurgical standpoint, the fusion 
point of these rocks increases in passing outward from the norite 
to the acid granitic rocks. This is another way of saying that 
the acid rocks are those which would naturally chill and solidify 
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first either from a molten mixture or from a saturated and highly 
heated rock solution, so the diorites and norites, being more basic 
and easier molten or dissolved, would be the last to separate out 
as rock masses, while the sulphides would segregate naturally 
toward the basic and away from the acid series. 

This shows that as the ore itself has segregated and arranged 
itself in accordance with the fluidity and migration velocity of 
the copper and nickel sulphides, so the rocks appear to have seg- 
regated or crystallized in order of their acidity. 

A point that has been much overlooked by all geologists is 
the role of the conglomerates or volcanic breccias which occur in 
the neighborhood of the ore bodies. These were undoubtedly 
forced up from below and have filled large areas between the 
diorites and the granites. They contain numerous angular brec- 
ciated fragments of the surrounding rocks, and in addition often 
show sulphide minerals. These rocks in their general appear- 
ance are not unlike the ore bodies save that the ore is scattered. 
Occurring as they do in the immediate vicinity of the ore, and 
carrying much the same angular breccia as the ore does, it seems 
to me that both must have had a similar origin. The enclosed 
fragments of granite and diorite embodied in this conglomerate 
breccia cannot be adduced as proof against its igneous origin, 
and yet the occurrence of the same fragments of granites and 
diorites in the ore masses are often appealed to as proof against 
the magmatic origin of the ores. 

There is in truth much vagueness as to what constitutes a 
magma. Van Hise’s clear statement that at certain conditions 
of heat and pressure solids and liquids are miscible seems to me 
to afford a clue to the situation. According to this a magma 
may be at the same locality and time several different things 
varying with the depth and pressure. It may be near the sur- 
face an intensely heated molten rock mass holding water in solu- 
tion, and at greater depths may be an intensely heated solvent 
holding rock in solution. Conceived in this way, it is quite pos- 
sible to suppose a slowly cooling mass in which minerals and 
metals can arrange themselves according to Soret’s principle, and 


at the same time we can suppose the pressure of solvents enough 
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to remove or replace certain minerals and impregnate their skel- 
etons with sulphides as shown by sections examined microscop- 
ically. 

It may be said in general that aqueous theory does violence to 
the whole present condition of the country, and finds no local 
support except among those who have studied extreme condi- 
tions in small veins on the outer edges of the nickel belt. In 
such cases even the most ardent disciple of the magmatic theory 
willingly concedes local and secondary alterations. An attempt 
to make these same conditions apply to such massive deposits 
as the Stobe, Creighton or No. 2 is an attempt to disregard the 
present evidence of the senses. In these large deposits we see 
an almost exact duplication of the structure of the admittedly 
igneous conglomerates which accompany the ores. We see the 
same twisting and distortion, and the same breccia of included 
rock masses. We note also the absence of any leaching waters, 
or of any channels or seams through which leaching waters 
could in the past have acted. We find no traces in these large 
bodies of crystallization or secondary mineralization, but on the 
other hand, we note considerable evidence of segregation not 
only in the sulphides, but in the accompanying diorites and gran- 
ites. Such evidences as these growing gradually year by year 
have given the theory of magmatic separation a strong hold on 
our local geologists, as the true explanation of the genesis of 
these ore deposits. 








DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions rélating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
South Bethlehem, Penna. The full name of the author should be attached to 
all communications. 


THE UNIVERSITY TRAINING OF ENGINEERS IN 
| ECONOMIC GEOLOGY. 


Sir:—Although there can be no one solution of the problem 
of how and what to teach in a course in Economic Geology since 
conditions in different institutions often differ widely, yet a dis- 
cussion of the problem as it presents itself in various institutions 
should be mutually helpful to those giving such instruction. To 
such a symposium the writer offers the following contribution. 

Institutions may with respect to such work be differentiated 
into two classes. One, either from purpose in founding or from 
local considerations of clientage and character of natural re- 
sources locally prominent, devotes itself mainly to some line or 
lines largely determined by these local conditions. For such 
institutions the problem of the relative stress to be laid on various 
topics becomes easy of solution. Local conditions govern; for 
such work is not designed to be well rounded. Building stone 
would be a more important topic in Maine than in Louisiana, 
while in neither would coal and iron be of such importance as 
they would be in Alabama or Tennessee. 

Such cases are special ones and are more capable of satisfactory 
solution than the more general one presented by the second class 
of institutions where the aims of the institution and the clientage 
are such that local considerations have but little weight in framing 


the course. The course in these should be a more evenly bal- 
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DISCUSSION. 477 
anced one than in the former case. Since a large amount of the 
work is done primarily by the student this need not prevent as 
much differentiation of work among individuals to suit each one’s 
peculiar needs or predilections as may be thought by the instruc- 
tor desirable to be given in a first year’s course in economic 
geology. 

In planning such a course the first problem is to decide what 
material to include and on what principle to arrange it. If three 
hours per week for a year be given, it will be possible to give fair 
treatment to most of the topics that one would ordinarily include 
in a general course in economic geology but would not permit of 
exhaustive details in the treatment of any one topic. In the ar- 
rangement of the subject matter for such a course the writer’s 
experience has been that of the two broad divisions of subject 
matter the non-metallic materials should precede the metallic 
because of the greater simplicity of their treatment and their 
greater economic importance as well as the fact that many of 
them are more familiar either by occurrence or by use than the 
raw metallic materials usually are. 

By such an arrangement a further advantage is gained in that 
in treating certain topics such as underground waters and their 
circulation and the disintegration of rocks and formation of soils 
much may be given that will be of use later in the discussion of 
the origin of ore deposits. 

Within the group of non-metallics, the writer feels that the 
treatment of cements, clays and soils must be more or less unsat- 
isfactory in a general course since each is a large topic in itself. 
Such topics would more appropriately and satisfactorily be made 
the subjects of special courses to be given after a general intro- 
ductory course and detailed treatinent of any topic among the 
metallics would be similarly placed. 

The writer has not yet found or made a classification of non- 
metallic materials that is entirely satisfactory and his experience 
is doubtless that of others. It is difficult to group according to 
any logical principle the heterogeneous topics that must be in- 
cluded in such a course. A classification based largely on chem- 
ical composition of material but modified by industrial use and 
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by mode or origin has more nearly given coherence and sequence 
to the topics discussed than anything else. 

In beginning work on metallic materials students should be 
required to become familiar with the views of PoSepny, Van Hise, 
Lindgren, Kemp and others who have made noteworthy contri- 
butions to our theories of the origin of ore deposits. For this 
purpose as well as for other reading in both metallics and non- 
metallics the writer finds the preliminary form of the papers pub- 
lished by the American Institute of Mining Engineers especially 
helpful. These papers are classified by subjects and some of the 
longer and more important ones are separately bound for stu- 
dent use. 

An assignment of such material for parallel reading is made 
each week. The amount read weekly by each student varies with 
the topic assigned, but is usually from fifty to one hundred and 
fifty pages. If a student wishes to pursue a given topic further 
he is encouraged to do so and is allowed to omit an equivalent of 
other reading assigned in subsequent weeks. 

Besides such library work on assigned papers, the student must 
be taught how and where to find for himself the literature on 
any given subject and how to use it after he has found it. Good 
practice consists of the preparation of abstracts of important 
papers, of bibliographies of a subject or a locality, or of compi- 
lations of localities and other facts of occurrence, production, and 
use and their graphic representation as far as may be by means 
of maps and diagrams. 

The method of instruction should include both lectures by the 
instructor and laboratory, library and field work by the student. 
In the laboratory the student should become familiar as far as is 
possible with’ typical examples of the materials under discussion 
and study them if possible in relation to the process of or steps 
in their preparation for use. This demands of course a working 
collection or museum of economic geology. For field work the 
summer vacation period must be utilized. 

Since such a course must be preceded by work in general geol- 
ogy, mineralogy and chemistry, at least, it cannot be put in the 


early part cf a course in mining engineering. Since opportunity 
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DISCUSSION. 479 
should be given after taking such a course for specialization along 
any line that may be desirable it should not be placed at the last 
of the course. In a four years’ course possibly the second or 
preferably the third year would seem the place best suited for such 
general economic work. 
L. C. GLENN. 

Sir:—The unprecedented expansion of the mining industry in 
recent years, the tendency toward concentration of control in a 
few hands, and the accompanying changes in methods of mining, 
extraction, and transportation of the ores have required a differ- 
entiation and specialization of the technical help necessary for 
the mining, extraction and transportation of the ores. The ver- 
satile mining engineer who, if called upon, will open up a mine, 
install machinery, run a concentrating plant, build a railway, or 
make a geological report, with excursions into other technical 
branches, is as ubiquitous as ever, but his activities are becoming 
less diversified, and a part of his work is passing into the hands 
of specialists in one or more of these several lines of work, such 
as the civil engineer, the mechanical engineer, the metallurgist 
and the geologist. These specialists may or may not know some 
of the other branches necessary to mining. It is highly desirable 
that they do know them. But their essential qualification must 
be thorough training in the fundamentals of their particular lines; 
the application of these principles to mining can, if necessary, be 
largely acquired in the local field of work. On the other hand, 
the man who has acquired a knowledge of the applications of his 
specialty to mining without a thorough grounding in the prin- 
ciples can scarcely supply this deficiency in later years and is per- 
manently handicapped in the development of new methods to 
meet the constantly changing conditions. Managers of some of 
the largest mining enterprises are beginning to insist on thorough 
fundamental training in their technical help even to the point of 
taking men whose training in applied mining and allied subjects 
has been trivial. “They reason that experience will soon give 
them enough of the applied branches to meet their immediate 
needs, while experience will not give them the fundamentals. 
The economic geologist or mining geologist in demand and 
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likely to be more in demand in the future, is the one who knows 
geology in all its aspects,—stratigraphic, physiographic, struc- 
tural and metamorphic. The more he knows of mining in addi- 
tion the better, but such knowledge will not take the place of 
knowledge of geology. The so-called geologist with a varied 
knowledge of mining and mining costs but without solid training 
in geology has more than once brought discredit to the profession 
by his “ geological conclusions.” In teaching economic geology, 
then, the emphasis should be upon geology rather than upon dis- 
tribution, values, extraction, and uses of ores, although these 
subjects should be covered. As now taught in some of our lead- 
ing schools and discussed in most of the text books, emphasis is 
placed on the commercial and geographic features to such an 
extent that the subject is not far different from commercial geog- 
raphy. An opposite tendency, to place most emphasis on geology, 
is now becoming manifest in several of our institutions. An 
illustration the writer knows best is the course in economic geol- 
ogy at the University of Wisconsin, which is designed primarily 
for students who have had courses in general, physiographic, his- 
torical and field geology and in mineralogy; also preferably in 
structural and metamorphic geology. Partial exceptions are 
made in individual cases. The course in economic geology, run- 
ning through the year, is prefaced by a two months’ review of the 
principles of structural and metamorphic geology. Thereafter 
the class work is devoted entirely to the geology and genesis of 
the ores. The necessary knowledge of distribution, values and 
allied features is gained by the students in considerable part, 
though not altogether, outside of class work by referring to orig: 
inal sources and platting this information for each of the eco- 
nomic minerals on base maps of the United States. Such a 
course is necessarily open only to the few and moreover usually 
involves graduate study. It is adapted to the training of men 
who plan to make economic geology a profession or at least an 
important part of their work. It might be argued that a more 
elementary course should be offered for those going into other 
professions or desiring it for its educational value. This may be 


desirable, but without basis of geological principles the elementary 
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course tends to become largely statistical. Should not such a 

course be called a statistical or geographic course and the name 

economic geology reserved for the more advanced course in which 

the emphasis is on geology rather than statistics and geography? 
C. K. Leirn. 


WHAT IS A FISSURE VEIN? 


Sir:—As far as I know the credit of inventing the phrase 
“True Fissure Vein” belongs, not to the literature of ore depos- 
its, but to composition of a far more imaginative order, namely 
the prospectuses of the promoters of “wildcat” mining com- 
panies. These gentlemen found the phrase a good one, expe- 
rience having shown them the necessity of impressing upon the 
public the fact that some, at any rate, of their statements were 
true, and their acquaintance with truth being on a par with their 
knowledge of fissure veins, they saw no reason why the ingenious 
phrase should not be used. It appears to have originated before 
the auriferous deposits of Witwatersrand or of Western Australia 
were known, when the great bulk of the world’s supply of reef 
gold, and indeed of most other metals was derived.from fissure 
veins ; at the same time it was known that fissure veins did persist 
in depth, whilst some other deposits, such as gash veins and 
pockets, did not, so that the statement on a prospectus that the 
deposit, towards the purchase of which the public was being in- 
vited to subscribe, was a “ True Fissure Vein” seemed to carry 
with it a sort of implied promise that the riches which it con- 
tained would continue down to an indefinite depth. 

From the scientific point of view I see as little need for stating 
that a fissure vein is a true fissure vein as I should for saying that 
a seam of coal is a true bed. That the term fissure vein itself 
needs defining, no one will I think deny, as it is used by different 
writers in such ways as to include very different things. Part 
of this confusion is undoubtedly due to the fact that the Germans, 
who were the pioneers in the study of mineral deposits and from 
whom we for many years derived all our knowledge, have only 
the one word ‘‘Gang” to describe those very different occur- 
rences, the igneous dyke and the mineral vein. Personally I hold 
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that the correct method in such cases is to commence at the begin- 
ning, and taking the mineral vein to be one class of mineral de- 
posits, to first of all lay down a definition of what constitutes a 
mineral deposit. My definition of the latter is as follows: “A 
mineral deposit is a portion of the earth’s crust that contains min- 
eral of intrinsic value in such quantities as to be workable under 
suitable conditions.” From this I exclude rock masses, such as 
building stone, etc., which are essentially the object of quarrying. 
Such mineral deposits may be classified, if desired, by the nature 
of their contents, a suitable classification being for example the 
following: I., fuels; II., ores; III., salts (barytes, fluorspar, phos- 
phates, borates, etc.) ; IV., gems (including semi-gems). If this 
definition of mineral deposits and their contents be accepted, the 
ordinary dyke is necessarily excluded from the class of mineral 
veins because it is not a mineral deposit. Obviously, however, a 
dyke containing some valuable mineral must be classed as a min- 
eral deposit; in this case, however, I class it not with veins but 
under the head of ‘‘ Dissemination (of valuable mineral) in ig- 
neous rocks.’’ I therefore uphold the correctness of our English 
nomenclature which discriminates sharply between dykes and 
veins; the former are fillings of fissures injected in the molten 
state, and the minerals they carry are those which crystallize out 
from molten magmas, whilst the latter are the result of the action 
of mineral solutions. In the former the production of the fissure 
may be, and probably in many cases has been simultaneous with 
the eruption of the molten matter, and the rate of filling must 
have been comparatively rapid; in the latter case the formation 
of the fissure must have long preceded its filling, which must have 
been a comparatively slow process. I therefore define a fissure 
vein as a “ mineral deposit occupying a pre-existing fissure in the 
earth’s crust, and which has been introduced otherwise than in a 
molten state.”’, 

I distinguish fissure veins from bedded veins, which have been 
deposited in a plane of weakness between adjoining strata; how 
far the gash vein should be considered a separate class is to my 
mind doubtful; it might be looked upon as a fissure vein of lim- 
ited extent, and confined to one particular type of fissure, thus 











mak 
upot 
rock 
ecor 

ak 
we | 
of si 
by t 
fisst 
min 
toc 
vein 
am 
on 1 
any, 
acti 
wall 
this 
mus 
that 
deri 
sam 
whi 
frag 
that 
mat 
whx 
the 
of v 
all ; 
a fis 
be < 
and 
no 1 
ural 
witl 
no 





> -_ 


nm 


th 





DISCUSSION. 483 


making it a subclass of the fissure vein class; or it might be looked 
upon as a special form of irregular deposits (masses) in soluble 
rocks. Either classification seems to me to be genetically and 
economically sound. 

The most difficult question respecting fissure veins arises when 
we have to deal with deposits produced by the mineralizing action 
of solutions which traversed a fissure, but which have been formed 
by the metasomatic action of these solutions upon the walls of the 
fissure and either in small part or not at all by the deposition of 
mineral within the fissure. It would evidently be quite logical 
to class that portion of the deposit which fills up the fissure as a 
vein and that portion which is formed by the altered walls as 
a metasomatic deposit. This is, however, somewhat cumbersome 
on the one hand, and on the other there are very few veins, if 
any, that have not been produced in part at least by metasomatic 
action. Any miner who has had to struggle hard to keep up the 
walls of the vein he is working, will find it hard to credit that 
this same fissure can have stood open during the long period that 
must have been needed for the formation of the vein. I hold 
that such fissures must have been filled loosely with fragments 
derived from the walls, which kept the latter apart and yet at the 
same time afforded an easy passage to the mineralizing solutions, 
which later attacked and removed the material of the shattered 
fragments at the same time that they deposited the vein-stuff, so 
that the formation of the vein itself was essentially a metaso- 
matic process. Furthermore, even though the deposit be not 
wholly confined within the fissures it must not be forgotten that 
the fissure was, after all, the predisposing cause, to the presence 
of which the vein owed its existence. I therefore prefer to class 
all such deposits, which owe their origin to the pre-existence of 
a fissure, as fissure veins. If it were possible, it might perhaps 
be advantageous to discriminate between deposits filling fissures 
and those due to metasomatic action upon its walls, but I am by 
no means sure that the advantage would be great. A true nat- 
ural system of classification of mineral deposits, such as we meet 
with in the organic kingdom, is obviously impossible, there being 
no such development of one group from the other as renders such 
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a classification possible. The only object in classifying mineral 
deposits is to facilitate their study by bringing together such 
deposits as have certain properties in common, and it matters little 
which properties we select so long as the study of the subject is 
really simplified. Different workers will naturally select different 
modes of grouping, and it seems probable that we shall have many 
different systems of classifying mineral deposits for a long time 


to come. 


Henry Louvts. 
NEWCASTLE-UPON-TYNE, 
ENGLAND. 


Sir:—There are probably relatively few veins of the character 
usually designated as fissure veins that have not been more or 
less affected by replacement of the vein walls, and the term is 
quite commonly applied to deposits in which the original fissures 
have been modified by subsequent action of this nature. The 
definition should, therefore, take that fact into consideration and 
be so worded as to cover it, and the question under discussion 
has apparently reached the point where a simple definition is 
wanted rather than the expression of a geological condition. 

The definition given by Doctor Raymond, namely, “A mineral 
mass occupying a fissure in the earth’s crust” tends to restrict 
the meaning, and may be criticised as limiting it to the filling of 
a pre-existing fissure only; while that by Lindgren, quoted by 
Mr. Ries, covers the facts admirably, but is rather a description 
than a definition. 

It is natural for us to see merit in our own inventions, hence 
the writer ventures to suggest a reply once used by him when 
asked the question under consideration: “A fissure vein is a 
deposit of mineral within a plane or zone of fracture or faulting.” 
Watter S. KELLey, 


WHAT SHOULD APPEAR IN THE REPORT OF A 
STATE GEOLOGIST. 


Sir:—The answer to your question “What should appear in 
the report of a State Geologist?” lies, as it seems to me, in a correct 
conception of what a state geological survey should do. The 
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report, or reports, should contain the results of the survey pre- 
sented in convenient and accessible form. An examination of 
the laws governing a number of state geological surveys indi- 
cates that they are designed to carry on studies of the mineral 
resources of the states with a view to (a) exploration, and (b) 
exploitation. Legislators in appropriating money for the foun- 
dation and maintenance of such bureaus evidently have in mind 
the strictly utilitarian purpose of stimulating development of the 
natural resources of the state. When the educational phases 
of the work are mentioned in the governing act it is usually inci- 
dentally only. It is the duty of all officers to carry out the pur- 
pose of the law and to loyally observe its intent. The state 
geologist should therefore shape his work to the primary pur- 
pose of stimulating development of the state’s resources, whereby 
the taxable property being increased the tax rate may be de- 
creased. Incidentally full advantage should be taken of the 
opportunity to make the work of benefit educationally and to 
realize all other indirect benefits possible. 

Intelligent exploitation can only follow intelligent exploration, 
and since private initiative may usually be relied upon for the 
one, the state survey may well make the other its own main duty. 
Exploration, in the generally accepted sense of travel through 
wild and uninhabited districts, nowadays seldom falls to the lot 
of the state geologist. By a paradox it is only the more settled 
and richer states that feel able to afford geological surveys. 
Exploration, however, may properly be used to cover the whole 
range of field investigation and we may even include a certain 
amount of laboratory research without doing violence to the 
term. In general exploration should be directed to the deter- 
mination of, a the distribution, b the mode of occurrence, c the 
value, of each of the mineral resources of the state. Studies of 
distribution should be not only geographical but geological. It 
is as important to know in what particular strata to look for a 
given ore as in what county, and it is in the geological investi- 
gation that the special knowledge of the officers of the survey 
is most useful. The investigation of the mode of occurrence is 
necessarily a broad one calling for a careful study of the stratig- 
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raphy and geological history of the district. The purpose of 
this investigation is to develop rules for prospecting and devel- 
oping in each instance, and this purpose should be kept steadily 
in view in order that the whole results may be focused upon it. 
Studies of the value of the deposit are in part scientific and in 
part commercial. The genesis must be understood so as to intel- 
ligently estimate the probability of extensions and of continuance 
with depth of an ore body. It is very important to know in the 
case of a coal outcrop whether it is an isolated pocket or the 
edge of a large body. Not less important, however, are rela- 
tions to transportation, ease of stripping or mining, quality as 
compared with competing material, cost of production, extent of 
market, and other matters of commercial and economic impor- 
tance.. There is a wide range of opinion as to how far the state 
survey should go in the investigation of problems of this sort, 
and probably no hard and fast rule can be laid down. There are 
none-the-less certain principles to be kept in mind. One of these 
is to avoid duplication of work. So much is to be done and the 
funds are usually so limited that there is rarely any justification 
for taking up work already provided for. The main duty of the 
survey is to gather and disseminate information not otherwise 
accessible, but since the people within a state come to look to their 
own survey for a wide range of information it may properly 
republish or arrange for joint publication of information col- 
lected by other agencies, carefully preparing it for the particular 
purpose and audience to be reached. In the second place all such 
information must be authoritative. There are many excellent 
geologists who are not prepared to give opinions of value on 
these subjects and in such cases recourse should be had to experts 
called in for temporary service. One inaccurate or misleading 
report discredits a whole series of excellent volumes. 

With these principles in mind the content of the reports them- 
selves may be briefly discussed. The form and style of publica- 
tion is generally fixed by law, but where it is left to the option 
of the state geologist, the dual character of the work would seem 
to be best met by the publication of bulletins or advance reports 


dealing with particular subjects or districts, followed by care- 
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fully planned and maturely developed systematic reports by large 
districts, by geologic systems, or designed to meet particular 
needs, such as a hand-book of the geology of the state for the use 
of schools. 

There are particular phases of the work which demand especial 
notice. 

If it is at all practicable without duplication of work statistics 
of production should be regularly collected and published. No 
one thing brings the survey into as close relations with producers 
and makes more for an intelligent interest in the work. 

Topographic surveys are usually so expensive and as now car- 
ried on are so much more useful for engineering and general pur- 
poses than for geologic work that it is a question whether a state 
survey had not better let them entirely alone. They are valuable 
enough to find support independently and strictly on their own 
merits. 

Many of the older state surveys went shipwreck by attempting 
to carry too heavy a load of fossils and it would seem proper that 
paleontology as such should be left to the museums and colleges. 
Paleontology as an aid to stratigraphy should be strongly sup- 
ported and constantly used and a reasonable amount of descrip- 
tive paleontology may properly be published as a portion of the 
description of a formation. Under present conditions, however, 
and in the light of the past it is a question whether a state survey 
is warranted in undertaking the investigation of purely paleon- 
tologic problems and the publication of paleontologic monographs. 

In general it should be remembered that money is given a 
survey for the application of science rather than for research, 
though this is not usually interpreted in any narrow or mean 
sense. The acceptance of the money, however, implies a con- 
tract to be faithfully fulfilled and to divert to purposes of sci- 
entific research, however important, funds appropriated for the 
development of natural resources is not only unwise and destruc- 
tive to the life and usefulness of a survey, but malfeasance of 


office and should be condemned as such. 
H. F. Barn. 
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Sir:—The history of state organizations for geological re- 
search indicates a unity of purpose in their original conception 
but often a very wide deviation from that purpose in execution. 
Almost without exception state surveys have been organized 
by virtue of an appeal to or from the people for the scientific 
exploitation of their mineral resources. As a motive for organi- 
zation this is entirely natural and proper and as it is a paramount 
consideration in organization should also be in administration 
and execution. 

“xperience, however, I think, fully justifies the statement that 
state reports on mineral resources, or generally speaking, on 
industrial geology, have hitherto been in very large measure of 
immediate value only, that is, in a definite sense they lack per- 
manence of value. When a geological survey is organized for 
a definite period or to cover a specified field of work and ter- 
minates with the rendering of a final report there is no uncer- 
tainty that accounts of mineral resources soon lose their value 
and must eventually become stale and unprofitable. Such state- 
ments of actual and possible economic developments must be 
kept fresh and keep pace with or precede the commercial demand ; 
hence a state survey with the exploitation of economic resources 
as its chief cause of being, if efficiently administered, should 
never be terminated. 

In actual practice and at the present time the functions of 
state surveys and hence of state geologists differ widely. Some 
are seeking industrial development only, others under the pro- 
tection of economic investigation are developing distinctively 
geologic problems; several are openly liberal in scope and prose- 
cute investigations in every direction that may be properly con- 
tributory to geology, and some again are simply bureaus of infor- 
mation surviving from former organized surveys. 

As then to what a state geologist should include in his reports 
must be determined by the scope of his activities or the historical 
development of his organization. I can speak only for New 
York with reference to the evolution of this problem. 

New York has had a geological organization for seventy years. 


Its geological survey is one of the older of the state departments. 
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Its early reports ran little to economic geology but rather to 
structural geology and stratigraphy, then for a long period to 
none of these, paleontology sweeping all else before it. Twenty 
years ago its annual reports again began to include treatises on 
economic geology and stratigraphy and all the work done, save 
in part in paleontology, was incorporated in these reports. They 
grew fatter and more fat until they reached a size cumbersome 
and unseemly. 

This method of presenting annually the results of geological 
research in New York has now been abandoned. General and 
special problems, whether of economic, stratigraphic, paleon- 
tologic, areal or surficial geology are now separately treated each 
in a bulletin or memoir by itself. The report of the state geolo- 
gist carries no scientific papers, but presents a general review 
and summation of the year’s work with suggestions for future 
development. This method proves entirely satisfactory. It not 
only gives the public in brief the operations of the organization 
with explicit directions as to where more detailed information on 
specific problems is to be found but it involves a vast saving of 
labor and of valuable time to the chief official by holding authors 
responsible for the editing of their own special reports subject to 
the rules of the office. J. M. Crarke. 


Sir:—I appreciate the opportunity to present in Economic 
GEOLOGY my views as to the character of publications which a 
state geological survey should adopt. This subject was given 
careful consideration in 1896 when the Maryland Geological Sur- 
vey was organized. Impressed with the unsatisfactory nature of 
state survey publications generally, I felt that a new survey un- 
hampered by traditions and with adequate funds might perhaps 
set a new standard for such work. An attempt was made to 
devise a scheme possessing sufficient elasticity to meet all the pos- 
sible future requirements of a state geological survey. The 
working out of this plan during the past ten years has satisfac- 
torily met the requirements for Maryland. I accordingly present 
the methods pursued by the Maryland Geological Survey as pos- 
sibly applicable in part at least in some other states. 
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No two state geological surveys can probably be developed 
along exactly the same lines and what seemed wise for Mary- 
land may not apply in all particulars elsewhere. Whether the 
state survey shall confine its investigations to geology and allied 
subjects alone or whether other and more remote subjects of 
inquiry shall likewise be included depends upon the provision 
which the state has already made or contemplates making in such 
matters. Few states, unfortunately, have any clearly defined 
policy regarding the subjects to be submitted to scientific inquiry 
and each state geologist, if he has the confidence of his board, 
and he is of little use if he has not, is commonly left to develop 
his own plans. It is, therefore, important that care should be 
exercised in drafting the legislation desired. Sufficient leeway 
should be provided in the Act to meet later contingencies, as fre- 
quent demands for legislation are most undesirable. 





The great majority of our states possess few bureaus which 
can be classed as scientific, and each bureau feels the necessity 
of pursuing a number of independent lines of work. The state 
geologist, for example, finds many subjects more or less remotely 
related to geology that can be taken up with little additional cost, 
some of which can be pursued in conjunction with the other 
work. It becomes necessary, therefore, for the state geologist 
to select carefully those subjects which can be advantageously 
followed with due regard to the needs of the state and the 
efficiency of the state geological survey itself. 


SUBJECTS THAT MAY PROPERLY BE TAKEN UP BY A STATE GEOLOG- 
ICAL SURVEY. 

Topography.—The state geological survey must of course put 
the geological work in the first place in its plans, but it is evident 
that little of a permanent nature can be accomplished until topo- 
graphic maps have been prepared. Experience in this country 
has clearly demonstrated that the preparation of these maps can 
be best and most economically secured by co-operation with the U. 
S. Geological Survey. In most states the state geological survey 
must assume the responsibility for seeing that this work is done 


and this is often a great drain on its funds, unless a special appro- 
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priation is made for the purpose, as has been done in Maryland. 
In this connection it must be recognized that little, if any, topo- 
graphic work would be carried on by the U. S. Geological Survey 
if the state itself did not contribute. 

Descriptive Geology.—With the topographic base under way 
areal mapping of the geological formations may proceed, the 
results being published either on the usual 15’ or 30’ sheets, or 
on the same base in the form of county maps. The latter have 
advantages in the south especially, where the county is the chief 
political unit and. where there exists a strong local demand for 
a county map. As the people of the state meet the expenses of 
the work there is much gained and little lost in adopting the 
county as the unit. The text of the descriptive geology may in 
such a case form a part, generally the chief part, of the county 
report. 

Systematic Geology.—Contemporaneously with the areal map- 
ping should go the systematic study of the formations of each 
geological period and this means an exhaustive investigation of 
the stratigraphy, lithology and paleontology of the rocks through- 
out the state and as far beyond as feasible. Such a series of 
systematic reports will prove, if properly carried out, one of the 
most lasting results of the survey’s work. Two such reports 
have already been published by the Maryland survey and eight 
more volumes are contemplated. 

Economic Geology.—A thorough investigation of the products 
of economic value should accompany the other work and where 
necessary a specially trained expert should be secured. For prac- 
tical purposes the results of such investigation should not only 
be published with the descriptive geology but should also be 
brought together in separate reports where they will be readily 
available to the mining geologist and the investor. In Maryland 
the economic geology of each county thus far studied has been 
discussed at length in a special chapter and the three leading min- 
eral products of the state—coal, clay and building-stones, have 
also been exhaustively treated in special reports by experts. 

Physiography.—The topographic features of the state need 
interpretation in the light of the stratigraphy and structure, and 
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should form an important phase of the work of the state geolog- 
ical survey. There is almost no subject that the local organiza- 
tion can take up which can be so advantageously utilized for 
educational purposes and in elementary form render the survey 
an important adjunct to the Department of Public Instruction. 

Agricultural Soils —Following the geological work, or better, 
in conjunction with it, a survey of the agricultural soils may be 
made, a practical form of investigation which can now be carried 
on by each state in co-operation with the U. S. Bureau of Soils. 
This information appeals strongly to the agricultural interests 
and proves of much value in advertising the farming lands of 
the state. 

Terrestrial Magnetism.—The study of terrestrial magnetism 
can be readily carried on by a state geological survey in co-opera- 
tion with the U. S. Coast and Geodetic Survey. In Maryland 
north and south lines have been established at every county seat 
as the result of the most detailed magnetic survey thus far con- 
ducted in this country. Tables of magnetic variation dating back 
to early in the eighteenth century for use in determining prop- 
erty lines have been furnished the authorities and published in 
the county reports. 

Forestry.—The distribution of the forests of the state may be 
mapped on the same topographic base as the geology and soils 
through cooperation with the U. S. Forest Service. The chapter 
on the forest growth included in each county report has found 
much favor with the lumbering interests. 

Hydrography and Climate.—Studies of the hydrography and 
climate may also be carried on, the former through the U. S. 
Geological Survey and the latter through the U. S. Weather 
Bureau in co-operation with the State Weather Service, and the 
data thus secured admirably supplement the results of the other 
lines of work. Chapters on these subjects have been incorpor- 
ated in the Maryland county reports. To these might be added, 
if it is thought desirable, studies of the Flora and Fauna as has 
been successfully done by some of the state surveys. 

The subjects enumerated above comprise what may be termed 
the physical features of a country, although only in exceptional 
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cases would they all fall within the province of the state geological 
survey. In Maryland, however, and in many of the other smaller 
states, when no provision has been made for the investigation of 
these questions, the state geological survey is the only state bureau 
that is properly equipped to consider them. It can thus render 
an important public service by taking up such as can be advan- 
tageously administered without injury to the primary work for 
which the survey was organized. 

There are still other subjects that may well be entrusted to a 
state geological survey. Among these may be mentioned state 
highway engineering, state mineral exhibits and boundary surveys. 

Highway Engineering. —There is no state bureau that can so 
largely influence the great problem of state highway construc- 
tion and, under favorable conditions, assume the direction of 
it, as the state geological survey. In Maryland this work, which 
began eight years ago in the study of road-building materials, 
has passed through various stages until the state geological sur- 
vey now has control of the building of the state highways under 
an act appropriating $200,000 annually to be met by a similar 
amount from the counties, making a total of $400,000 annually 
devoted to this purpose. With this is associated a state laboratory 
where materials for city streets and public buildings are tested, 
many new methods having been devised by the well-trained engi- 
neer in charge. The results of this work have formed the basis 
of several valuable reports which constitute a part of the state 
geological survey publications. 

State Mineral Exhibits—The state geological survey is better 
qualified than any other state agency to undertake the work of 
displaying the mineral resources of the state at expositions. 
Special publications setting forth the salient features of the min- 
eral wealth can be advantageously prepared by the state survey 
and distributed at such times so as to advertise the economic 
possibilities of the state. The exhibit should be organized in a 
manner to show the natural materials and the manufactured prod- 
ucts made from them, and the state survey understands this rela- 
tionship as no other organization can. The Maryland survey 
has been charged with this duty at the Buffalo, Charleston and 
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St. Louis expositions, and the results have proved eminently sat- 
isfactory to the state. 

Boundary Surveys.—In the absence of a state engineer the 
state geological survey can render a distinct service in acting for 
the state in the determination of state, county and township boun- 
daries, particularly in our eastern states where the monuments 
are in many instances destroyed and questions relating to prop- 
erty lines and taxation are often before the courts. The Mary- 
land survey has acted on several occasions in this capacity and 
the reports published have had a practical as well as an historical 
interest. 


METHODS OF PUBLICATION THAT MAY BE ADOPTED BY A STATE 
GEOLOGICAL SURVEY. 

The methods of publication that may be adopted by a state 
geological survey will necessarily differ according to the require- 
ments in each case. We have found it desirable in Maryland to 
adopt three series of reports. 

First. Volumes I., II., III., etc., in which special articles are 
published, more particularly those of general interest to the public. 
In this series are included the economic reports on the coals, clays 
and building stones, the reports on highway construction and 
testing, the reports on boundary surveys and terrestrial mag- 
netism, and the general articles of educational value. These 
reports, especially those on economic subjects, are also issued sep- 
arately. <A larger edition of this series is published than of the 
others. 

Second. County Reports and Maps which contain a detailed 
discussion of the local features and are of value mainly to those 
seeking information regarding a special district. These reports 
contain chapters on physiography, geology, mineral resources, 


agricultural soils, terrestrial magnetism, forestry, hydrography 
and climate. Accompanying each report is a folio of topo- 
graphic, geologic, soil and forestry maps on the scale of one 
mile to the inch, this case being bound in cloth of the same size 
and style as the text. In this form the folio case becomes as 
permanent as the volume. 
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Third. Systematic Geology and Paleontology, containing a 
detailed discussion of the stratigraphy, lithology and paleontology 
of the formations of each period. As nearly every period of 
geological history is represented in Maryland this series when 
completed will contain ten volumes. Two volumes have already 
appeared treating of the Eocene and the Miocene. It is planned 
to figure and describe, as far as possible, every species of organic 
remains represented in the rocks. It is felt that these reports 
should be in as large a degree as possible educational, and only 
by giving the average student of Maryland geology, especially 
if he be a teacher of natural science in the public schools of the 
state, an exhaustive and systematic treatise, can he get an ade- 
quate idea of the geological conditions. These reports are sent 
only to libraries and to special students of geology. 

If all the volumes of a state geological survey appear in a num- 
bered series the book collector will never be satisfied until he has 
everything. This causes an unnecessary drain on the expensive 
systematic volumes which can with advantage be placed only in 
libraries and with students of geology. 


THINGS TO BE AVOIDED BY A STATE GEOLOGICAL SURVEY. 

Lack of System in Treatment and Publication.—It is highly 
important for the non-scientific reader, not to mention the geolo- 
gist, that some systematic method of treatment and publication 
should be followed. The relative values of the various subjects 
discussed may be readily obscured if part of the subject is dis- 
cussed at great length at one point and only briefly or in a differ- 
ent form at another in the same series of reports. A change 
in style and size in the same series is also most confusing. Such 
a lack of system has been too often apparent in state geological 
survey reports. 

Reports of Progress that Contain Only Provisional Views.— 
Reports of progress often contain only undigested field notes of 
little general value, the local generalizations introduced being 
liable to modification with further field study. It would be far 
better to wait until the work is completed and a final statement 
can be made. Even with the greatest care new evidence is con- 








4906 DISCUSSION. 


stantly appearing which changes former conceptions, but it is 
unnecessary to lead the reader through all the stages that the 
mind of the critical geologist may pass in his studies. Often- 
times the state geologist is not at fault, his judgment being over- 
ruled by legislative demands or by an order of his board. 

Failure to Interpret the Economic Possibilities of the Mineral 
Deposits.—It is important that the state geological survey should 
regard the economic possibilities of each region surveyed and 
if necessary secure a specially trained expert to examine those 
mineral deposits regarding which there is any doubt or which 
demand particular treatment. Not every geologist can recognize 
the value of a mineral vein or of a clay bed. Frequently in the 
past state geological surveys have ignored these and other com- 
mercial features altogether, to the ultimate discredit of the work 
by the people of the state who have a right to demand a thorough 
study of this phase of the subject. A state geological survey 
can be made a great factor in the state’s industrial progress and 
the survey that ignores economic work needs thorough reorgan- 
ization. 

Failure to Utilize the Educational Possibilities of Geological 
Investigation.—Every state geological survey should recognize 
the great opportunities presented to it of instructing the people 
of the state regarding the physical features of their own region. 
An attempt should be made to present every subject in a way 
that will enable the people to comprehend its value and gain 
knowledge from it. For the pupils of the schools, maps and 
articles may be prepared that will serve a valuable purpose in 
the educational system of the state. There has often been an 
absolute disregard of this important factor in state geological 
survey work with an accompanying loss of interest on the part 
of the people of the state. 

Bad typography, Illustrations and Paper.—Too many state 
geological survey reports are striking examples of bad book- 
making which detracts from the interest which the reports would 
otherwise arouse. An attractive presentation is the first essential 





step in winning the attention of the educated layman and means 
much for the preservation of the published information. There 
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is little satisfaction to either author or reader in poorly executed 
volumes with bad typography, illustrations and paper. If pos- 
sible the volumes should be published by the survey and not left 
to the judgment of some state printer who is generally selected 
for political reasons. 


RELATIONS OF THE STATE GEOLOGICAL SURVEY TO THE U. S&S. 
GEOLOGICAL SURVEY. 


There is no occasion for any conflict of interest between the 
U. S. Geological Survey and the state geological survey. As has 
been already pointed out the topographic surveying can only be 
satisfactorily conducted by the state in co-operation with the U. 
S. Geological Survey, and the same is only in a somewhat less 
degree true in the case of the geological, hydrographic and statis- 
tical work. 

The geological work of the state survey can be most advan- 
tageously carried on in close association with the Federal Survey, 
since the geologists of the latter are often in a position to render 
most valuable advice and assistance in certain phases of the 
investigations. The state geologists, on the other hand, are often 
better fitted to deal with purely local questions, and the state 
bureau can also publish the reports in a form better suited to the 
state’s needs. In Maryland some of our field work and the prep- 
aration of some of our reports have been the joint product of 
the national and state geologists. Not infrequently the state 
has furnished material for the national geologic folios and other 
publications. For the past ten years there has been no difficulty 
in reaching a harmonious basis of work all along the line. Per- 
haps the most practical question involved from a state’s stand- 
point would be the necessary slowness of national work in a 
state that appropriated nothing for geological purposes. With 
the great area of the country as a whole the prospects of a state 
like Maryland receiving a thorough geological investigation by 
the U. S. Geological Survey before the close of the century would 
be remote indeed. The state mist therefore maintain a state 
geological survey if it expects the U. S. Geological Survey to hear 
its call for help. 
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The hydrographic studies can also be conducted by the U. S. 
Geological Survey and the state survey jointly, the former fur- 
nishing the instruments and supervision and the latter meeting 
the expense of the local observers. In return an expert hydrog- 
rapher from the national bureau can furnish as required the nec- 
essary material for the state publications. 

The statistical work can be carried on by the state geologist 
in the double capacity of agent for the U. S. Geological Survey 
and official representative for the state. The Federal forms and 
franks result in a great saving to the state bureau, while the U. 
S. Geological Survey obtains the advantage of an agent with 
a knowledge of local conditions and personally acquainted with the 
operators. Furthermore, the operators are not confused and 
annoyed by similar requests from different sources. 

The same advantages are to be derived from national and state 
association in the co-operative survey of the agricultural soils 
with the U. S. Bureau of Soils, the forestry with the U. S. Forest 
Service, the terrestrial magnetism with the U. S. Coast and Geo- 
detic Survey and the climate with the U. S. Weather Bureau. 

W. B. Crark. 


HYPOTHESIS TO ACCOUNT FOR THE TRANSFOR- 
MATION OF VEGETABLE MATTER INTO THE 
DIFFERENT GRADES OF COAL. 


DISCUSSION OF PAPER BY MARIUS R. CAMPBELL. 


Sir:—The recent interesting article by M. R. Campbell’ on 
the origin of coal suggests certain comments to me. Mr. Camp- 
bell is certainly right in saying that time by itself does nothing. 
It merely offers opportunity for other factors to work. His sug- 
gestion that the ease of escape of the by-products of alteration is 
one of the dominant factors in determining the rate and extent 
of alteration of vegetable matter into coal is therefore very plaus- 
ible. One is tempted to enquire whether the mantling of the 
great ice sheet should not have checked that action, and whether 
therefore, according to his hypothesis, the coals north of the Ohio 


* This Journal Vol. I., No. 1, p. 26. 
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should not be in an average way less developed than those farther 
south, where the gases have been less confined and the tempera- 
ture probably on the whole higher. 

Is this really the case? 

It occurs to me that there are other factors which may not be 
negligible. The composition of the vegetable matter of which 
the coal is made must have varied with the evolution of plant life. 

The lack of coal beds in the lowest part of the geological column 
may be due to the fact that plants then existing decomposed 
almost entirely into bituminous products. 

Again the composition of the water in which the vegetable 
deposits were laid down must have had some influence on the 
form and rate of decomposition, even as it does on olives and 
pickles to-day. May not the effect of the joints to which Camp- 
bell refers have been in letting down surface oxidizing waters, 
as well as in letting the gaseous products of decomposition escape, 
and may it not have been the access of such waters, rather than 
heat, which has determined the rate and extent of the develop- 


ment of the coal toward anthracite. 
A. C. Lane. 
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Tin Deposits of the World. By Sipney Fawns. Pp. xii + 237, 
56 figures and plates, containing a bibliography of 53 articles. 
Published by The Mining Journal. London, 1905. 

In his preface Mr. Fawns says: “ The literature of tin mining 
is at present in a scattered condition. It is the object of the 
author to produce a collected account of the tin deposits and 
methods of tin mining in various parts of the world which will 
be of some practical value to the tin miner and investor.” 

The author’s first statement is eminently true, and in his second 
must rest his justification for publishing a volume, the inaccu- 
racies of which seriously impair its scientific value. 

All errors of the book, however, are possibly not upon the 
author’s head, many of them being due to wretched proof-reading. 
As examples of the inaccuracies of the book may be mentioned : 
page 2, speaking of cassiterite, he remarks that the “crystals occur 
in squares” and that “under the microscope . . . the purest 
crystals are dark with polarized light.” Cassiterite is tetragonal 
and not isometric as these remarks would indicate. On pp. 14-15 
he gives five examples of alluvial tin deposits to show that they 
average one foot of pay gravel to four feet of barren gravel, or 
1:4; these examples give the ratios 12:37, 1:3, 2:7, 1:4, 8:17, 
as the figures are stated. Colloquialisms and provincial terms 
occur through the book either with no explanation or one that fol- 
lows late. On p. 20 he gives figures to show the cost of mining 
alluvial gravels in the Malay States in both dollars and pounds 
sterling without stating what “dollar” is used. It is probably 
the Mexican dollar, as his figures are about twice too large for the 
American unit. On p. 47 et sequi he refers to “ sluice-heads”’ 
as a measure of the volume of water but nowhere defines the term. 
On p. 158 he states that only 291 14/100 pounds of tin were pro- 
duced at the Temescal mines in southern California. As a matter 
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of fact, 269,000 pounds were produced.!’ Numbers of such cases 
could be cited. The proof-reading makes Humbolt appear as 
“ Hennbolt’”’ (p. 155), Nevius as “ Nerius” (p. 156), and so on 
through a long list. 

In the course of compilation various works have been drawn on 
liberally without credit, and where it is given quotation marks 
are often omitted, so that to one unfamiliar with the literature 
it can not be told how much is taken from a particular article 





a 
thing unjust to the original author and provoking to one who 
cares for the sources of information. Thus the article upon Siam 
is identical with that published by the Siamese Commission for 
the Louisiana Purchase Exposition, 1904, in their book “ Siam,” 
pp. 241-242, and a good deal of the first part of the article on 
Mexico is evidently taken from W. R. Ingalls’ “The Tin Deposits 
of Durango, Mexico,” but no credit is given in either case. 

The bibliographic references are often incomplete and occa- 
sionally incorrect, and plates and figures are copied without credit. 
Thus, the illustration opposite p. 30 of “Alluvial Tin Mining in 
the Malay Peninsula’’* is from Becher’s “ Mining in the Malay 
Peninsula,” the map of the York Region, Alaska, is from Bulletin 
299, U. S. Geological Survey, and so on with both figures and 
plates. 

The generalizations on geology, classification of deposits, etc., 
are not particularly strong and the arrangement does not seem 
very logical, one country following another without apparent plan. 

There are, however, good parts to the book. The historical 
article is good, and he gives interesting figures on the effective- 
ness of coolie labor in Banca, Billiton and Sumatra, where men, 
working for a rate nominally of $2.50 (and board?) per month, 
but netting them about $1, move an average per year of from 
10,600 to 14,000 cubic yards per man, working eight-hour shifts. 
Elsewhere in Malaya a seven-hour day is often worked. Such 
figures have a large bearing on the length of the labor-day now 


* Benedict, W. DeL., Tin. In The Mineral Industry for 1892, N. Y., 1893, 
P. 453. 
* Trans. A. I, M. E., Vol. XXV., 1896, pp. 146-163. 
* Trans. Inst. Min. and Met., London, Vol. 1, 1892-1893, pp. 78-107. 
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being discussed in connection with the building of the Panama 
Canal in a, presumably, similar climate. 

His description of mining conditions on the Malay Peninsula 
is also good and he quotes some little-known literature on very 
interesting phases of the New South Wales tin deposits. He also 
gives a good description of the operations at the Briseis mine of 
Tasmania. At the latter place deep gravels under lava of con- 
siderable thickness are being worked successfully. 

On Cornwall he has summed up conditions very well, and his 
conclusion that there is a paying future, under present prices, 
for some of the closed tin mines is interesting. Concerning 
northern Nigeria, he has obtained a good article from R. C. 
Nicolaus who describes a strange occurrence of native tin in 
pieces “the size of beans,” coated with a film of cassiterite and 
lying beneath fifteen feet of gravel. 

The article on tin dressing, a large part of which was contrib- 
uted by Fraser & Chalmers, is quite full and good, but a better 
description of some of the machines would be desirable. The 
article on tin assaying is also good, but by no means complete. 

To persons out of reach of original tin literature the book ‘will 
undoubtedly be of some value. 

F. L. Hess. 


Report on the Coals of Maryland. By WiLitiam BuLtLock CLark, 
with the collaboration of GEorcE C. Martin, J. J. RUTLEDGE, 
B. S. Ranpotpeu, N. ALLEN Stockton, W. B.D. PENNIMAN, 
and ARTHUR Browne. Part of Vol. 5, Maryland Geological 
Survey, pp. xv -++ 430, with 23 plates and 37 figures. 

The Geological Survey of Maryland has just issued a report 
on the coals of the state as a part of Volume V. of its regular 
series of publications. The part devoted to coal is also published 
separately, making a handsome volume of 430 pages, with many 
maps, sections, and half-tones gotten up in the usual elaborate 
style of the Survey. 

The report, as stated in the preface, is the result of many years 
investigation of the coal deposits of western Maryland, and pre- 


sumably is a sort of summary of previous publications that treat 
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of counties in detail. Evidently the report is intended to be the 
hand compendium of the coal operator and prospector, and it is 
extremely unfortunate that it has not been condensed into a 
volume more easily handled, and one that can be taken into the 
field. Apparently it has been prepared without any thought of 
condensation, but rather with the idea of making the most of the 
material presented. This is well illustrated by the printing of a 
single coal section, or a single line of sections on a page, when 
in almost all cases two could be placed side by side without detri- 
ment to the appearance of the report. By actual measure the 
sections, if placed end to end, without any allowance for head- 
ings, would cover 127 pages, and if two were placed side by side, 
there would be a saving of at least 63 pages of the report. 

The first chapter is devoted to the origin, distribution and use 
of coal. The author seems to have felt compelled to begin at 
the earliest known use of coal in the world, but what this has to 
do with the development of the Maryland coal field is not stated. 
This might well be omitted from the volume, as it adds little or 
nothing to its value, and its omission would reduce the report 
to a more convenient size. 

This chapter is illustrated with maps giving the distribution of 
the coal fields of the United States, as well as a map on a some- 
what larger scale of the northern Appalachian coal field. Such 
maps are very convenient for reference, but the tints which are 
used to represent the coal fields are so light that these areas are 
scarcely recognizable instead of being the most prominent feature 
of the maps. 

The discussion of the character of the coal is a fairly good 
abstract statement, but the classification given on page 239 is con- 
fusing, since it differs decidedly from the Pennsylvania system 
as first proposed by Persifor Frazer without giving the reason for 
the change. The fuel ratios in the Pennsylvania system are as 
follows: Hard, dry anthracite, 100 to 12; semi-anthracite, 12 to 
9; semi-bituminous, 8 to 5; and bituminous, 5 tor. In the Mary- 
land report the fuel ratio of anthracite is given as ranging from 
28 to 5; semi-bituminous coal from 5 to 3; and bituminous 3 to I. 
The present writer does not question the statement that these 
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figures represent the conditions in Maryland better than the Penn- 
sylvania scale, but the use of different limiting ratios for the 
various groups of coal in different states deprives the system 
of what value it might have as a standard of classification for 
the highly carbonized coals of the country. 

The purely geologic part of the report is much more thorough 
and satisfactory than the parts dealing with other phases of the 
subject. It is divided into several sections. The chapter on the 
geology of the Maryland coal district is a very clear and concise 
statement of the general geologic relations of the coal field, 
together with a brief account of what are supposed to have been 
the geographic conditions during each epoch of deposition. In 
general this is well presented, but the author does not seem to 
appreciate the importance of the great time and erosion break 
in the early stages of the Pottsville, nor does he seem to under- 
stand that this has passed the hypothetical stage and that it has 
been unquestionably demonstrated throughout the entire western 
side and over most of the central part of the Appalachian coal 
basin. 

The part dealing with the correlation of formations and mem- 
bers shows the painstaking work of the authors in the careful 
study they have given to the minute details of stratigraphy, and 
the keen discrimination manifest in their correlations. It is 
interesting to note how large a part the study of fossil plants 
made by Mr. David White has played in these correlations, for 
the present writer can look back only a few years and recall a 
time when such evidence was met with nothing but sneers and 
derision. This able exponent of paleozoic botany has compelled 
recognition, and has shown that Carboniferous plants, when 
rightly interpreted, are thoroughly reliable for stratigraphic and 
correlation purposes. 

The only adverse criticism to be made of this chapter is that 
the authors have made such definite correlations and have ex- 
pressed their opinions so forcibly that the reader is almost com- 
pelled to accept the conclusion that the striking characteristics of 
coal beds are their regularity and persistence, and that each indi- 
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vidual bed of the: Pennsylvania series is present everywhere 
throughout Maryland and can be recognized with certainty wher- 
ever found. Perhaps the coal seams of Maryland are the types 
of regularity, but if so they are certainly exceptional. 

The principal chapter from an economic standpoint is the one 
on the distribution and character of the coal beds. In this there 
is little to criticise and much to commend. More than 330 
graphic sections give the reader an excellent idea of the thickness 
and character of the coal beds, and the numerous half-tones show 
also to a certain extent the development of the field. 

A very commendable feature is a series of maps showing the 
areal distribution of the most important coal beds, but unfor- 
tunately, with the exception of the Pittsburg coal bed in the 
George’s Creek basin, the maps are on such a small scale that 
they can not be used in a practical manner. In fact, the greatest 
defect of the report is the lack of large scale maps on which the 
facts given in the report may be expressed for the use of the prac- 
tical man. It is probably assumed that an interested party will 
refer to the Allegheny or Garrett County reports, but such a 
report as the one in hand dealing with economic resources should 
be reasonably complete in itself, and have such maps as illustrate 
the material in hand without reference to other volumes. 

The chapter devoted to the history of coal mining in Maryland 
is extremely interesting. Such information as this is rarely 
assembled, and as a consequence it is soon lost to view. Too fre- 
quently such material seems to be regarded as beyond the province 
of a geological survey report, but certainly this can not be true, 
for the future of a mining industry is judged largely by the past. 
and it is important to know under what conditions the industry 
has developed. 

The next chapter deals also with a subject that is rarely treated 
in such reports. It is devoted exclusively to methods of mining 
and of handling coal at the mines. It is written by a practical 
engineer in simple language, and from it any person of ordinary 
intelligence can gain a good idea of methods of mining, and of 
the arrangement of the outside parts of the mines, including tip- 
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ple, trackage, screens, et cetera. The chief feature of this chapter 
is that many of the items mentioned above are illustrated by dia- 
grams which give the essential facts better than any amount of 
verbal description. This enables operators and engineers readily 
to compare plans and to see where improvements in existing 
equipment can be made, or in planning new work to arrange it so 
as to involve the least possible amount of hand labor, and at the 
same time be efficient in all respects. 

The chapter on the chemical properties of Maryland coals is 
perhaps the least satisfactory one in the report. Some 250 prox- 
imate analyses were made, and probably some ultimate analyses, 
as these are mentioned in several places, but no results are given. 
Evidently the chemical work was done with the idea. of deter- 
mining variations in the character of the coal of the different 
beds; of the same bed in different parts of the field or basin; and 
of the different benches of the same bed. The last seems to have 
been quite successful, as the coal from various benches of some 
of the beds is shown to differ materially in composition. The 
report states that the analyses show no geographic variations ex- 
cept locally, and that “all the coals in Maryland of commercial 
value are semi-bituminous,’ and the reader is led to infer that 
the chemical composition of the coals in the various basins is 
practically the same. This statement appears to be misleading, 
as the tables show a fairly regular decrease in fuel ratios from 
east to west. The variation is readily seen by computing the fuel 
ratios of the various analyses. The average fuel ratios of all 
the analyses of coals in the George’s Creek basin is 3.8, in the 
Potomac basin 3.8, Castleman basin 2.9, and Upper and Lower 
Youghiogheny basins 2.5. The coals west of the George’s Creek 
and Potomac basins are therefore by amy classification bituminous 
and not semi-bituminous. George’s Creek and Potomac, although 
considered as different basins by the trade, are in reality one syn- 
clinal trough and the coals are practically the same throughout. 
Castleman basin lies next to the west, and the Youghiogheny 
basin in the extreme western part of the state. There is, there- 
fore, a regular gradation in composition from east to west which 
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is exactly in line with the conditions that prevail in the Pennsyl- 
vania field, as shown in Report M, of the Second Geological Sur- 
vey of that state. 

The samples for chemical analysis were all taken in the mines, 
and, as stated, were intended to represent commercial coal. It 
is unfortunate that some check samples were not taken of coal 
after it was loaded on the railroad cars to see how well these mine 
samples agree with the coal that is sent to market. The present 
writer’s experience has been that mine sampling usually shows 
better results than actual mining, and therefore that analyses of 
mine samples are of little value unless the sulphur and ash are 
multiplied by certain coefficients which should be determined for 
each field. In general, the writer has found that 1.03 is a fair 
coefficient for sulphur and 1.3 for ash. 

Although attention has been called to many points in which 
the work could be improved, the present writer wishes to express 
his high appreciation of the report as a whole and to commend 
to other state surveys the broad scope of work and the character 
of reports made by the Maryland Survey. 

In this connection it seems desirable to point out certain lines 
of work on coals that, in the estimation of the present writer, 
should be undertaken by state organizations. In the report in 
question the great problems of commercial conditions, and the 
improvement of the products of the mines have not even been 
mentioned. These are large fields and they will afford ample 
returns for investigation. In the close competition which marks 
commercial conditions at the present time, the loss of revenue 
due to a heavy percentage of fine coal and to waste products is 
one of the most troublesome questions that an operator is com- 
pelled to face, and any improvement in the utilization of these 
products either in the improvement of the quality of the coal by 
washing or otherwise, or by a better method of utilization, like 
the manufacture of producer gas, are questions that are well 
worthy the attention of a state geological survey. One of the 
legitimate functions of such an organization is to study such diff- 
culties and to point out remedies; in other words, to carry on a 
campaign of education, teaching the operators how to effect a 
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greater saving on low-grade or waste products, and teach the 
public that such improvements are possible, and would be made 
if the people were united in demanding better fuel. 

It is to be hoped that this report will be followed by others 
dealing with these phases of the subject, and that other state geol- 
ogists will give the matter like attention. 


M. R. CAMPBELL. 
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Coal Mining in the Musselburgh Coal-field. By Rosperrt Martin. Trans. 
Edinburgh Geol. Soc., Vol. VIII., Pt. III. Pp. 379-396. Edinburgh, 
1895. 

Corundum in Ontario, Canada: Its Occurrence, Working, Milling, Con- 
centration and Preparation for the Market as an Abrasive. By D. G. 
Kerr. Trans. Inst. Min. Eng., Newcastle-upon-Tyne, Vol. XXX., Pt. 
II. Pp. 143-160. London and Newcastle-upon-Tyne, 1906. 

Description des Gisements Ligniteaux de la Vallée de Chambéry. Par 
M. Vivien. Bulletin de la Société D’Histoire Naturelle de Savoie. 
Année, 1896. Pp. 16-23. Chambéry, 1897. 

The Diamond Pipes and Fissures of South Africa. By Harorp S. 
Harcer. Trans. of the Geol. Soc. of South Africa, Vol. VIII., Sep- 
tember to December. Pp. 110-134. Johannesburg, 1906. 

Economic Minerals of Canada. By the GroLocicaL Survey Corps, 
Ottawa. Printed by direction of Hon. Sidney Fisher, Minister of 
Agriculture for Canada for the Louisiana Purchase Exposition, 1904. 
Ep. 55. 

El Oro, the Premier Gold Camp of Mexico. By T. Ettiorr Smiru. The 
Mining World, Vol. XXIV., No. 13, March 31, 1906. Pp. 412-413. 
Die Erzlagerstatten. Unter Zugrundelegung der von Alfred Wilhelm 

Stelzner hinterlassenen Vorlesungsmanuscripte und Aufzeichnungen 
bearbeitet von Dr. Alfred Bergeat. II. Halfte, 1 Abteilungen. Mit 65 
Abbildungen und 2 Tafeln. Pp. 471-812. Verlag von Arthur Felix, 

Leipzig, 1905. 

, Department of Lands, Mines and Fisheries. Mining Operations in the 
Province of Quebec. By J. Onatsxi. Mining Engineer and Inspec- 
tor of Mines. Pp. 16. Quebec, February, 1905. 

The Education of Mining and Metallurgical Engineers. By Pror. JoHN 
Bonsai Porter, Ph.D., D.Sc. Journal Canadian Institute, Part of 
Vol. IX. Pp. 18. 

Geological Report on the Chibougamau Mining Region in the Northern 


Part of the Province of Quebec. By A. P. Low, B.S., F.R.G.S. Pp. 
61. Ottawa, February 12, 1906. 


Genetic Relations of Nickel-Copper Ores. By CuHartes W. Dickson, 
M.A., Ph.D. School of Mining, Kingston. With special reference to 
the deposits at St. Stephen, N.B., and Sohland, Germany. Journal 
Canadian Institute, Part of Vol. IX. Pp. 25. Quebec, March, 1906. 
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The Lost Packer Copper Gold Lode. By E. P. JenninGs, Salt Lake City, 
Utah. Journal Canadian Mining Institute, Part of Vol. IX. Pp. 4. 
Quebec, March, 1906. 

The Mineral Production of India During 1904. By T. H. Hovanp, 
F.R.E., Director, Geological Survey of India. From the Records, 
Geological Survey of India, Vol. XXXIII., Pt. I. Pp. 32. 

Probabilité De Trouver Des Mines Au Nord De La Province De Quebec. 
By J. Opatsxi. Québec. Journal Canadian Mining Institute, Part 
Cot Vol Lx. Poy a. 

Filoni Metalliferi Nelle Rocce Trachitiche della Sardegna occidentale. 
GIOACCHINO DE ANGELIs p’Ossat. Estratto della Rassegna Mineraria. 
Vol. XXI. nn 1, 2 e 3; 1°, 11 e 21 luglio, 1904. Pp. 18. Torino, 1904. 

Fire Tests of Some New York Building Stones. By W. E. McCovrr. 
sulletin 100, pp. 37. Pls. 26. New York State Museum, Albany, 
February, 1906. 

Gisements de Minerais de Zinc. Grillage de la Blende; Moyens de Com- 
battre les Emanations de Usines a Zinc et de Fabriques d’ Acide sul- 
furique. Par Jutes DeMAREst-FRESON. Extrait de la Revue “ L’In- 
dustrie.” Pp. 25. Bruxelles, 1got. 

Les Gisements Petroliféres en Italie. Par GioaccHINO DE ANGELIS 
p’Ossat. Extrait du Moniteur des Intéréts Petroliféres Roumanins, 
Nos. 13 et 14, année, 1903. Pp. 14. Bucarest, 1903. 

Gold Mining in Japan. By A. R. Wercatt. Min. Mag., Vol. XIIL., No. 
2, February, 1906. Pp. 132-133. 

The Gold Mines of the Witwatersrand and the Determination of their 
Value. By L. Kessler. With maps. Pp. 135. Edward Stanford, 
London, 1904. 

Im Goldland des Altertums. Forschungen Zwischen Zambesé und 
Sabi. Von Dr. Cart Peters. Mit 50 an Ort und Stelle gemach- 
ten Original-illustrationen von Tennyson Cole, 50 photographischen 
Aufnahmen, 1 Heliogrevare und 2 Karten. J. F. Lehman Verlag, 
Munchen, 1902. 

Der Graphit. Eine Chemisch-Technische Monographie. Von Ep. 
DonatH. Mit 27 Abbildungen im Text. Pp. 175. Leipzig und 
Wien, Franz Deuticke, 1904. 

Graphite. By A. K. Coomaraswamy. Director Mineral Survey of 
Ceylon. From the official Handbook of the Ceylon Court. St. 

146-152. Colombo, 1904. 
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The Jones Iron Field of New Mexico. By Newton W. Emmens, E.M. 

‘ Min. Mag., Vol. XIII., No. 2, Feb., 1906. Pp. 109-116, with a map, 
a cross section and other illustrations in the text. 

The Lead and Zinc Bearing Rocks of Central Kentucky with Notes 
on Mineral Veins. By Charles J. Norwood. Bul. 2. Kentucky 
Geol. Survey. Pp. 35 with illustrations and map. Lexington, 1905. 

Die Magneteisenerzlager von Schmeideberg in Riesengebirge. Von 
Georg Berg. Jahrbuch der Kon., Preus., Geol. Landesanstalt und 
Bergakademie zu Berlin fiir das Jahr 1902, Band XXIII., Heft 2. 
Pp. 201-266. Berlin, 1903. 

Manhattan, Nevada. By W. A. Root. The Mining World, Vol. 
XXIV., No. 12, Mar. 24, 1906. Pp. 381-387, with map and illus- 
trations in the text. 

Mining and Milling at Ymir. By D’Arcy WeatTHeErBE. Min. and 
Sci. Press. Vol. XCII., No. 12, Mar. 24, 1906. Pp. 202, with four 
figures in the text. 

The Mining Industry in North Carolina during 1903. By Josrpx 
Hype Pratr. Economic Paper No. 8. Raleigh, 1904, also the same 
for 1904. Gives descriptions and brief account of the occurrence of 
the minerals mined. 

Notes on the Copper Deposits of Little Namaqualand. By J. H. Ron- 
ALDSON. Trans. Geolog. Soc. S. Africa, Vol. VIII., 1905. Pp. 158- 
168, map. 

On the Occurrence of True Coal Measures at Port Seton, East Lothian. 
By E. B. Battey. Trans. Edinburg Geol. Soc., Vol. VIII., Part III. 
Pp. 351-362. Edinburg, 1895. 

Ore Bearing Schists of Middle and Northern Cape Breton. By J. 
EpMuUND WoopMAN. Reprint from Report of the Department of 
Mines, Nova Scotia, for the year ending Sept. 30, 1898. Pp. 39 
with plates. Halifax, March, 1899. 

The Organ District, New Mexico. By Jostan Bonp. The Mining 
World, Vol. XXIV., No. II, Mar. 17, 1906. Pp. 354, 355, with map, 
a cross section and other illustrations in the text. 

The Origin of the Sulphur Deposits at the Woolwich Quarry, Monroe 
County, Mich. By Epwarp H. Kraus. Reprint from Seventh Ann. 
Rept. of the Mich. Academy of Science. Pp. 25-29. 


On the Occurrence and Distribution of Celestite Bearing Rocks. By 
Epwarp H. Kraus. Reprint from Seventh Ann. Rept. of the Mich. 


Academy of Science. Pp. 25-29. 
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Peat. Its Formation, Uses and Occurrence in New York. By ArrHur 
L. Parsons. New York State Museum, 57th Ann. Rept., Vol. L, 
Albany, 1905. Pp. 15-88. 

Notes on Gypsum Industry of New York. By Arruur L. Parsons. 
New York State Museum, 57th Ann. Rept., Vol. I., Albany, 1905. 
Pp. 89-157. 

Abrasives of New York State. By Harry C. Macnus. New York 
State Museum, 57th Ann. Rept., Vol. I., Albany, 1905. Pp. 158-179. 

A Preliminary Report upon the Coal Resources of Wyoming. By L. W. 
TrumBuLLt. Bul. 7. The School of Mines. University of Wyom- 
ing. Pp. 95 with plates. Laramie, Wyoming, 1905. 

The Proceedings of the Geological Society of South Africa, 1906. Pp. 
XXI.-XXXIV. By Dr. F. H. Hatcu, F.G.S., M.Inst.C.E. 

Recent Work in the Correlation of the Measures of the Pottery Coal 
Field of North Staffordshire with Suggestions for Future Develop- 
ment. By Joun T. Stopss. Excerpt from the Trans. of the Inst. 
of Mining Eng. London and New-Castle-on-Tyne, rgot. 

Report on the Coals of Maryland. By Wm. Buttock CLark wITtH COL- 
LABORATION OF GEORGE C. Martin, J. J. RutLence, B. S. RANDOLPH, 
N. ALttEN Stockton, W. B. D. PENNIMAN and ArtHuR L. Browne. 
Maryland Geological Survey, Vol. V., 1905. 

Records of the Geological Survey of India, Vol. XX XIII., Part 1, 1906. 
Pp. 64, with 9 plates, one colored. 

Report on the Lead and Zinc Deposits of Wisconsin with an Atlas of 
Detailed Maps. By U. S. Grant. Pp. 100. Wisconsin Geol. and 
Nat. Hist. Survey. Bull. No. XIV., Economic Series No. 9. Madi- 
son, 1906. 

Report of Examination of Coal. Deposit of the Batan Military Reser- 
vation Batan Island, P. I. By H. L. Wicmore. Maps and 71 pages. 
War Department, Bureau of Insular Affairs, Washington, 1905. 

Sixth Annual Report of the Chief of the Mining Bureau. By H. D. 
McCaskeEy. Pp. 66. 3 maps, plates 13. Manila, Sept. 15, 1905. 

Sur les Mineraux de Fer de Troitsk (Oural) du Nord. Par M. M. L. 
Duparc et L. Mrazec. Bulletin de la Société des Sciences de Bu- 
carest, Roumanie. Pp. 32-37. Bucarest, 1904. 

Travaux de la Commission du Petrole. I Ministére des Travaux Pub- 
liques. Pp. 82 with maps and plates. Bucarest, 1905. 





SCIENTIFIC NOTES AND NEWS' 


AT THE CLOSE of last season, Dr. A. E. Barlow of the Geolog- 
ica Survey of Canada was sent to British Columbia by the Do- 
minion government to make investigations into the zinc resources 
of that province. 

Dr. Barlow’s investigations have been carried out in connec- 
tion with the work of a commission which has recently been 
appointed by the Dominion government, and whose work has 
been actuated by the fact that the lead-silver deposits of East 
and West Kootenay have been developing an increased content 
of zinc as the workings have been carried to greater depth. A 
report of this commission by Mr. Ingalls of New York will appear 
shortly and Dr. Barlow’s report will appear in connection with it. 

In addition to investigating the zinc resources of British Co- 
lumbia the commission is also investigating the problem of the 
best methods of separating the zinc blend from the galena in 
these ores. 

DuRING THE PAST YEAR Professor R. W. Brock and Dr. G. A. 
Young of the Geological Survey of Canada have been engaged in 
the construction of a structural map of the Rossland district. As 
a basis for this work a detailed contour map of this district on 
a scale four hundred feet to the inch, is now nearly completed 
and will serve as a basis on which to show geological structure 
of this important mining camp. The underground geology will 
also be represented in sections. 

This map will not only be of great value to the several mining 
companies operating in the Rossland district, but will also be of 
great interest to those interested in economic geology from a 

1 Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such scientific and 


personal items as may come to their notice. 
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SCIENTIFIC AND NEivS. 





NOTES 


scientific standpoint as bearing upon questions dealing with the 
origin of the ores. 





1 Dr. A. E. BARLow of the Geological Survey of Canada is now 
S completing a map of the district lying immediately to the south 
and southwest of the Cobalt district of Ontario, to which so much 
og- attention has recently been directed. In this district rocks, both 
Do- Keewatin and Huronian age, have been recognized, as well as 
ces very numerous intrusives. A vein containing Cobalt ores has 
already been located at Rabbitt Lake in this area. Dr. Barlow’s 
ec- geological map on a scale of one mile to the inch will be of 
een great value to the prospectors who are intending to enter this 
has district during the coming summer. 
ast R. G. McConne Lt has recently published a report on the geol- 
ent ogy and economic resources of the Windy Arm of Tagish Lake, 
A Yukon Territory. 
ear THe Copatt District of Ontario, to which reference has 
1 it. already been made, has, it is believed, reached a total yield of two 
Co- and one-half million dollars. It has now seventeen producing 
the mines, the many carloads of ore each having a value of from 
in $60,000 to $80,000 have been shipped from this district, while 
one carload valued at $100,000 has recently been sent out on the 
A. Temiskaming and Northern Railway which traverses this district. 
Lin THe GEOLOGICAL Survey of Victoria is paying particular 
As attention to the relations which exist between the quartz veins 
- and the shoots of gold that occur in them, also to the relations 
ted between the lodes and their containing rocks whether sedimentary 
ace or igneous. 
will In the sedimentary rocks it is recognized that certain zones are 
productive of gold while other zones are barren. The structure 
aa) of the sedimentary rocks is therefore being studied and it is in- 
> OL tended by means of the organic remains to eventually locate 
pS both the productive and barren zones. But besides the original 
are alternations of barren and productive beds in these formations 
ricts other conditions have to be studied, such as the manner in which 
‘aid the once horizontal beds are now bent into a series of anticlinal 
and synclinal folds. Still further to complicate matters these 
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beds have been subjected to faulting of several kinds and then 
denuding influences have tended to obliterate all preceding in- 
fluences. The unraveling of these problems in so far as the 
auriferous veins are concerned is being attended to. 

The relations between the auriferous reefs and the containing 
beds as to their conformability to the beds or their intersection of 
the beds; the influence of the beds in determining the direction of 
the auriferous shoots and the enrichment of the lodes at certain 
intersections with the country rock; the effects of local enrichment 
of the lodes when first formed and of secondary enrichment near 
the surface are being studied and an endeavor is being made to 
apply the results of such research to practical mining operations. 
The work of the survey as relating to auriferous lodes is briefly 
indicated above. Gold being our chief mineral product, especial 
attention is directed towards elucidating its diverse methods of 
occurrence. 

E. J. Dunn, Director. 

GEOLOGICAL SURVEY OF VICTORIA, 

January 11, 1906. 


DuRING THE FIELD SEASON of 1905 Mr. H. P. Woodward, 
assistant on the State Geological Survey of Western Australia, 
has been engaged in mapping the Menzies district of the North 
Coolgardie goldfield. 

The Menzies district is of considerable interest owing to the 
fact that it has yielded from its reefs alone close upon half a mil- 
lion ounces of gold since its discovery in 1894. Mining has been 
very costly in this district owing to the: fact that at a short dis- 
tance below the surface very hard aphanitic diorite is the country 
rock. Moreover, there is a great scarcity of water. 

The richest ore deposits occur in the zone of hydration, where 
the hard rocks have been changed into serpentine and chlorite 
schists and the granitic dykes, by which the field is traversed, into 
sericitic schists. 


Mr. Woodward is now engaged upon the preparation of a 
geological and mining map, which, with a report, will be shortly 
published as one of the Bulletins of the Geological Survey of 
Western Australia. 
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Mr. Cuas. G. Grsson, B.E., of the staff of the Geological Sur- 
vey of Western Australia, has just returned from several months’ 
field work in the Mount Margaret goldfield. During the field 
season of 1905 this gentleman mapped in more or less detail the 
mining centers of Laverton, Burtville, Erlistoun, Duketon and 
Mulga Queen, and in addition made a geological reconnaissance 
through the Cosmo Newberry ranges and from thence to Mounts 
Warren and Lake Wells. 

This officer’s report and maps are awaited with considerable 
interest in that they deal with a portion of Western Australia 
which up to the present has been, in a geological sense, a terra 
incognita. 

Tue EicutH ANNUAL MEETING of the Canadian Mining 
Institute was held on March seventh, eighth and ninth of the 
present year at Chateau Frontenac, Quebec. 

At the regular sessions on these dates a number of interesting 
papers were presented, some of which were discussed in detail. 
The most important of these from an economic standpoint are 
listed below. 

The Asbestos Region of Quebec, illustrated by lantern. By 
the President, George R. Smith. 

Genetic Relations of Nickel Copper Ores. By C. W. Dickson, 
Ph.D. 

The Ore Deposits and Geology of the Sudbury District. By 
Hiram M. Hixon. 

The Nickel Deposits near Webster, Western North Carolina. 
By A. E. Barlow, Ph.D. 

The Atikokan Nickeliferous Pyrrhotite Deposits and Their 
Origin. By F. Hille. 

The Chibogamoo Mining Region. By A. P. Low. 

Notes sur un Dépot de Pyrrhotine Nickelifere sur une pointe 
appellée, “ Malachite Point.” By A. Muscovici. 

Rare Earths in the Pegmatite Veins of our Laurentian Range. 
By J. Obalski. 

Probabilité de touver des Mines au Nord de la Province de 
Québec. By J. Obalski. 

Canadian Chromic Iron Ores. By F. Cirkel. 
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Canadian Graphite. By H. P. Brumell. 

Recent Development at Cobalt. By W. G. Miller. 

The Windy Arm Mining District. By R. G. McConnell. 

Notes on the Utilization of Poorer Grades of Coal Slack. By 
D. B. Dowling. 

Lost Packer Mine, Lone Creek, Idaho. By E. P. Jennings. 

On Some of the Natural Resources of the Peace River and 
Athabaska Regions. By Alfred Von Hammerstein. 

On the Possibilities of Steel Manufacture in British Columbia. 
By Wm. Blakemore. 

The Colliery Manager. By W. D. L. Hardie. 

Some Observations Relative to the Occurrence of Deposits of 
Copper Ore on Vancouver Island and Other Portions of the 
Pacific Coast. By Wm. M. Brewer. 

Prospecting in the Torbrook District, N.S. By W. F. C. 
Parsons. 

On the Need of a Topographical Survey of the Dominion of 
Canada, Particularly with Reference to the Development of the 
Economic Resources of the Dominion. By Dr. F. D. Adams. 

The Education of Mining and Metallurgical Engineers, with 
Special Reference to Teaching and Practical Work. By Dr. J. 
B. Porter. 

The Influence of Varying Degrees of Superfusion in Magmatic 
Differentiation. By Alfred C. Lane. 

The Occurrence of Diamonds in the Drift in Some of the 
Northern States. By Robert Bell, F.R.S. 

The meetings were largely attended and the papers presented, 
especially those dealing with the new cobalt-nickel region of 
Chibogamoo, have attracted a wide-spread interest. 

Dr. Geo. I. ApAms, who has been investigating for the govern- 


ment of Peru the underground water resources of that country, 
expects to return shortly to the United States. 


Mr. W. H. Emmons and Mr. G. H. GArrey, who were en- 
gaged with Mr. F. L. Ransome in studies of the Goldfield, Bull- 
frog and other new mining districts in southern Nevada, have 
returned to Washington. 
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Mr. F. E. Wricut has been elected to one of the Secretary- 
ships of the Geological Society of Washington, vice Geo. Otis 
Smith, resigned. 

Mr. J. E. Spurr is at present (April 7th) in Washington pre- 
paring a report on the Georgetown District, Colorado, for the 
U. S. Geological Survey. Mr. Spurr will leave for Mexico in 
a few days but expects to return to Washington early in May 
and complete such investigations as he had in hand when he 
resigned his position on the Survey. 

Mr. Ropert W. Say es, Harvard, ’o1, has recently donated 
$50,000 to that University for the preparation and maintenance 
of a geological museum. 


Mr. M.'L. Futter, Chief of the Eastern Section of Hydrology 
of the U. S. Geological Survey, gave a course of lectures at 
Chicago University during the first week in April on the “ Work 
of the Hydrographic Branch of the Geological Survey. 

Mr. HENNEN JENNINGS has returned from South Africa and 
taken up his permanent residence in Washington, D. C. 

On APRIL 4-5, a civil service examination lasting seven hours 
each day, for applicants for the positions of assistant geologists 
and geologic aids on the U. S. Geological Survey, was taken by 
a number of applicants. It is understood that the policy here- 
after in the selection of assistants will be to restrict same to those 
who have qualified in regular examinations. 

Mr. ArtuurR J. CoLuier has left Washington to begin field- 
work in the coal districts of Arkansas. 

Mr. J. A. Tarr has left Washington to begin an investigation 
of the geology of the coal district of eastern Utah. 

THE WESTERN MINING PAPERS unanimously advocate the es- 
tablishment of a department of mines and mining. The so-called 
Brooks bill, in which it is proposed to widen the scope of the 
Geological Survey and incorporate it in the Department of Com- 
merce and Labor, is unanimously opposed by the mining press. 
It does not seem likely that this bill will pass during the present 
season. 
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THROUGH THE EFFORTS of a committee of the Geologicai So- 
ciety of America an arrangement has been made by which the 
governments of Canada, Mexico and the United States are co-op- 
erating in the preparation of a geological map of North America, 
which it is proposed to issue in time for the International Geolog- 
ical Congress to be held in Mexico during September. 


Mr. R. H. SarGcent, the topographer of the U. S. Geological 
Survey who accompanied the Carnegie expedition to China in 
charge of Mr. Bailey Willis in 1903-04 to execute topographic 
surveys in relation to geologic explorations, will deliver a course 
of lectures to advanced students at Chicago University for three 
weeks following the middle of April on the use of topographic 
mapping in geology. 





